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ane 
A REVISED version of our ‘standing instructions to those or Notes for 
Ses The Analyst appears under this heading on the last two text pages of thisissue. = ial 
_ The continually increasing cost of production is making it more imperative than ever 
‘thes the length of papers be kept toa minimum. Certain revisions in the Notice to Authors _ 
are intended to help this. For example, detailed descriptions of preliminary work are no | 
_ longer held to be justified, and the recommended scheme of presentation now omits a specific : 
experimental section. Any mention of preliminary experiments is to be included in the 
_ introduction, together with the bare minimum of historical background necessary to introduce 
the new work. Often a simple statement will be sufficient to indicate the object of the 
- investigation in which the method was developed. Though credit must always be given to — : 
_ the originators of ideas, references to other workers who may have developed some particular. 
-method should be restricted to those whose work inspired the author’ proposed 


PROCEEDINGS OF THE SOCIETY FOR ANALYTICAL CHEMISTRY 

AN Ordinary ones of the Society was held at 6.30 p.m. on Wednesday, October 2nd, 

1957, in the meeting room of the Royal Society, Burlington House, London, W.1 ela 
Chair was taken by the President, Dr. J. H. Hamence, M.Sc, 
aor following papers were presented and discussed: “The Analysis of ‘Ferrites’ by 

- Means of EDTA ,’ by D. G. Timms, B. Sc., A.R.I.C.; “The Determination of Mercury by Direct | 
Distillation in its Compounds and Preparations,” by H. E. Brookes, B.Sc., F.R.L.C., and 
7 L. E. Solomon, B.Sc.; ‘‘A System for the Determination of Certain Trace Metals in Crops,” aa 

_ by W. D. Duffield; “Some Applications of X-ray Spectrography,” by H.I. Shalgosky, B. Sc., 


We record with regret the deaths of 


Adrian Joseph Clifford Lickorish. 


w Ordinary Meeting of the Section was held at 6.30 p.m. on wn Septe ‘a 
1957, in the Mason Theatre, The University, Edmund Street, Birmingham, . 4 Uk: he Chair > 
was taken by the Vice- Chairman of the Section, Dr. S. H. Jenkins, F.R.LC., F.Inst.S. 4 — 
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tion of tin w ith and volumetric determination with 
_iodate. Tests with solutions containing known amounts of titanium, tin and Gedier: 
- other metals indicate that recovery is satisfactory for amounts of tin above =a 
_ @-2 per cent. and that no interference is caused by likely alloying metals. eter 
‘The recommended procedure is simple, rapid and particularly suitable for a 
cc.trol analysis. No difficulty has been experienced in applying the method © 
to wide range Of titanium -tmaliogs, 
, _-—s«s#For impurity amounts of tin below 0-2 per cent., a modification pits » 
ie ce and it involves the preliminary separation of tin as sulphide ere 
=a oo the presence of a carrier and then by reduction with hypophosphite aa ee 
volumetric determination of the separated tin. Experiments have proved 
_ that recovery of tin is satisfactory for amounts as small as 0-002 per cent. _ Cates 
= ov alloys containing tin and aluminium are of increasing importance when higher creep 
_ resistance is required, and consideration has therefore been given to the determination of tin 
When this investigation was commenced, no published methods were available and | a 
review of possible methods indicated that the hypophosphite reduction procedure’? offered 
5 the most promising approach. Subsequently, however, Norwitz and Codell* recommended 
_ a method for alloying amounts of tin in titanium alloys based on the preliminary separation 
of tin as sulphide, but they found that copper and molybdenum (above 0-5 per cent.) inter- — 
fered with the determination. A later method,‘ in which tin is reduced directly by iron powder, 
_ is stated to be ineffective in the presence of copper, and chromium and vanadium at con- 
centrations above 5 per cent. definitely interfere.> 
The experimental work described in this paper has led to the development of a rapid - 
and direct method for tin in titanium - tin alloys, and reference is made to a modification | 
_ suitable for the determination of tin in present as an aaponty, in titanium metal. ea wth a! 


— During preliminary tests on the reduction of tin in the presence of titanium and diluted i 
hydrochloric acid (1 + 1), the addition of sodium hypophosphite resulted in the formation 
of a dense flocculent precipitate. However, it was found that, when the solution was boiled, _ 
_ the precipitate dissolved to leave a clear pale-blue solution in which, after cooling, the reduced _ 
tin could be titrated with potassium jodate and the starch - iodine end- -point easily observed. 
Further tests on solutions containing the equivalent of 0-2 or 0-5 g of titanium with various - . 
ame amounts of tin added, indicated that the recovery of tin by the proposed method was satis- 


_ factory over the range of 0-1 to 25 - eames as shown by the results i in Table I. 


manganese and nickel do not interfere with the volumetric detensinenians of tin, and st 
ference by precipitated arsenic, selenium and tellurium can be avoided by filtration. As 
titanium - tin alloys usually contain aluminium, confirmation was obtained of the non-inter-— 
ference of up to 10 per cent. of aluminium. “Tn addition, possible interference by other 
metals likely to be present in titanium alloys, namely chromium, molybdenum or vanadium, 
was determined for a series of solutions containing the metal under investigation with 1 to 
10 per cent. of tin and the appropriate amount of titanium to bring the total sample weight 7 
to0-2g. In addition, the effect of copper and tungsten, which may be as impurities, 
was as studied and the results “ of thepe tests are given i in Table I 
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AND JONES: THE VOLUMETRIC DETERMINATION OF [Vol. 82 _ ct. 
The Volumetric Determination of Tin in Titanium 
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_ EFFECT OF METALS ON THE RECOVERY OF 
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y Th The results indicated that up up to 30 per per cent. of chromium, molybdenum a and vanadium 
4 had no effect on the determination of tin in the range of 1 to 10 per cent. A slight yellowish © 
pink colour was noted in the presence of molybdenum, but the end-point could be easily _ 
detected. Addition of copper resulted in some fading of the end-point with consequent 
_ over-titration to the extent that 5 per cent. of copper introduced a positive error of 0-3 per 7 
cent. on 10 per cent. of tin. However, in commercial practice, oe iow iapurity amounts of | . 
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could still be discerned and the recovery * tin was gave to cal 
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iodide in ‘Aad 25 ‘ml of hydroxide solution (about 0-05 ona 


Standardise the a (about 0-04 g) of high-purity tin 
the presence of 0-160 g of pure tin-free titanium by the recommended procedure. = 7 
_Mercuric chloride solution, saturated—Dissolve 6g of mercuric chloride in 100 ml of 
"boiling water, allow to cool and decant from the crystals formed. — eta | 
Starch solution, 1 per cent.—Make a paste of 1 g of soluble starch with cold water, pour 
it into 80 ml of boiling water, boil the solution for a few minutes, cool and dilute to 100 ml. 
This solution should be freshly prepared, 
‘For tin senile ss aealin 0-5 per cent., weigh 0-2 g of sample and, for 0- 2to0-5p per er cent. ™ 
F Ps < 0-5 g of sample; transfer it to a 100- ‘ml beaker. _ Add 30 ml of dilute sulphuric acid 
(1 + 4) and warm gently to assist solution (see Note). Maintain the level of solution by 
the addition of water. When the reaction ceases, cool and oxidise with a slight excess of 
nitric acid, sp.gr. 1-42, added dropwise, and heat again until tin is dissolved. Evaporate to 
_ fumes of of sulphur trioxide, cool, and transfer to a 2 500- ml conical flask, using abo about 50 ml of 
Add 50 ml of bydeachieric acid, sp. gr. 1-18, q ml of saturated mercuric chloride solution 
‘nll and 5g of sodium hypophosphite. Insert a rubber bung provided with a delivery tube i 
_ leading into 40 per cent. w/v sodium bicarbonate solution and boil the sample solution gently 
_ for 15 minutes. Cool to room temperature with the outlet of the delivery tube maintained | 
‘below the surface of the bicarbonate solution. Add 2g of potassium iodide, replace the ~ 
rubber bung and delivery tube with an ordinary rubber bung or glass stopper, shake until 
the iodide has dissolved, add about 5 ml of starch solution and titrate with standard 0-02 N 
potassium iodate solution to the characteristic starch - point. 
Calculate the tin content of of the 


= 


Alternatively, the may be « dissolved in 50 ml of hydrochloric ‘sp. gr. 18, in a 500- 
conical flask. This method of solution has the advantage that evaporation to fumes of sulphur 
_ trioxide is siatibedl but care is necessary to avoid loss of hydrochloric acid, and the drillings must be 


mda titanium - tin alloys seas containing from 5 to 27-5 per cent. of tin. The 
results, shown in Table III, indicate that the method provides ; reasonably "reproducible 
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k OF THE TO TITANIUM - - TIN ALLOYS 


Nominal tin ‘Tin content 
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Oct., 1957) IN TITANIUM AND ‘ITs 661 
‘DaTERMINATION OF SMALL AMOUNTS OF TIN IN 


. oe suitable for amounts of tin in excess of about 0-5 per cent. — By increasing the eee , 


weight to 0-5 g, amounts as small as 0-1 per cent. could be determined, but the end- 1-point became PT _ 


For amounts of tin smaller than about 0-2 per cent., a modification involving the separa-_ ; 
tion, or concentration, of tin was considered advisable. ’A tentative method was drawn upin 

which a larger weight of sample (up to 10g) was used, with a single precipitation of tin as _ 
_ sulphide in the presence of added cadmium to act as a carrier. Preliminary tests were made 
to ascertain if the separated tin could be titrated with 0-005 N iodate, particularly in the 
presence of any small amounts of titanium that might remain owing to incomplete separation, __ 
Various amounts of tin in increments from 0-1 to 10 mg were titrated with 0-005 N iodate = - 
_ both in the absence of titanium and in the presence of 10 to 50 mg of titanium. The end- 
points were satisfactory a and the results, which are shown in Table IV, indicate that recovery _ 
of tin was sufficiently accurate, provided at least 10mg of titanium were also present. 
_ Accordingly, in the proposed method, the addition of 10 mg of ermal is recommended Jost ; 
_ before the reduction with hypophosphite. 


is EFFECT OF TITANIUM ON DETERMINATION OF SMALL AMOUNTS rs 
TIN, 0-005 N IODATE BEING USED 


Titanium 


in solution Tin taken, 


1 


10- 
As it hed been proved that amounts of tin a as as ‘1 mg be reduced by hypo-- 
- phosphite and then determined satisfactorily by titration with 0-005 N iodate, the full pro- 
cedure, including the sulphide se ne _Was applied to a series of solutions containing 


& RECOVERY OF SMALL AMOUNTS OF TIN FROM SOLUTIONS a” ee 


OLUTIO 
CONTAINING TITANIUM AND COPPER 
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= 
prevent precipitation of of the excess of acid 
- with: ammonia solution and 10 ml of diluted sulphuric acid (1 + 1) per 400 ml were added 
_ before the precipitation of tin by hydrogen sulphide. The modification for small amounts 
of tin under 0-1 per cent., as detailed later, was found to be reasonably convenient and the ~ 
‘Sesults (see Table V (a)) were sufficiently accurate to a lower limit of 0-002 percent. 
_ Any copper present would be co-precipitated as the sulphide and, if in sufficient c concen- 
se would interfere subsequently with the end-point. Some tests were carried out in 
_ which copper, equivalent to 0-1 per cent., was added to a further series of solutions containing — 
titanium together with the equivalent of 0-01 to 0-10 per cent. of tin. In these tests, tin was 
separated from the combined sulphide precipitate with ammonium sulphide and subsequently _ 
_ determined in the copper-free solutions. The results, shown in Table V (6), indicate that this 
additional step effectively eliminated the interference by copper and its use is recommended ‘ 
_ when the presence of copper is known or suspected from the colour of ait sansieil pees 
rF1ep FOR TIN BELOW ( 2 PER CENT. 


on 


3 


sulphuric acid (1 + 4), cool and dilute with water to 50 ml. aba aamaageeee — 
Potassium iodate solution, 0-005 N—Transfer 25 ml of 0-02 N potassium iodate (see p. 


660) to a 100-ml calibrated flask and dilute to the mark with | water, 
Im= =0- 297 mg of tin (theoretical value). 


Cadmium sulphate solution- n—A 10 per per cent. solution of cadmium .8H,O, 


Dissolve the recommended sample i in the appropriate amount of dilute sul- 

0-05 to 0-2 0-02 to 0-05 0-00 005 0-02 005 


Dilute sulphuric acid (1 + 4) required, ml 60100 200 
_ 2 twa™ gently to assist solution and maintain the level of the solution by: the addition — 


boil for 2 to 3 minutes to remove nitrous fumes and ensure yaendntion of tin. Dilute to about | 

300 ml, add 2 ml of cadmium sulphate solution and 5 g of ammonium citrate (10 g for the | a 
1g sample). Neutralise with diluted ammonium rage (1 + 1), using methyl red 
_as indicator, acidify with 10 ml of diluted sulphuric acid (1 + 1) and dilute to 400 ml. — Warm , 
to 80°C and pass hydrogen sulphide through the solution for 30 minutes. ie 7 
_ Set the solution aside at room temperature for at least 4 hours, then collect the precipitate — 

ona a Whatman No. 42 filter-paper and wash it once with cold water containing a small amount 
of hydrogen sulphide (see Note). Dissolve the precipitate from the filter-paper with 50 ml 

3 _ of warm hydrochloric acid, sp.gr. 1-18, into a 500-ml conical flask, wash the filter-paper with 

- «50 ml of water, add 1 ml of titanium sulphate solution, 1 ml of saturated mercuric chloride 
solution and 5g of sodium hypophosphite. the tin as in the method 


At this stage it will be apparent if a significant amount of copper is present. If it is known or 

_ suspected that the amount of copper is greater than about half the tin content, dissolve the tin — 

: through the paper with 10 ml of warm diluted ammonium sulphide (1 + 1) into a 500-ml conical flask. 

iy . the copper sulphide residue with 50 ml of water containing hydrogen sulphide. Add 50 ml of 
hydrochloric acid, sp.gr. 1-18, to the filtrate and then 1 ml of titanium sulphate solution, 1 ml of 
‘saturated mercuric chloride solution and 5 g of sodium hypophosphite, and continue as described above. 


more than 0-2 per cent. of tin in titanium metal and alloys. Other alloying elements aoe 
aoa to be present, such as aluminium, chromium, iron, manganese, molybdenum and vanadium, 
and also impurity amounts of copper and , cause no interference; consequently 
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method has | definite over methods. which copper, r, molyb- 
_ After solution of the sample, the proposed procedure for alloying amounts of tin takes ih 
only about 30 minutes and, being simple and direct, it can be recommended particularly for _ 
routine control analysis. The method has now been in use in a routine laboratory for over | 
q 2 years and no difficulties have been encountered, even when used by inexperienced personnel. = 
Zz For amounts of tin less than 0-2 per cent., , preliminary sulphide separations are apr 
‘Ts sony by reduction and volumetric. determination of tin. This modified pro- 
have proved that it is 


Evans, B. S., Analyst, 1931, 56, 
2. Bayley, W. "J., Chem. & Ind., 1950, 34. 


3. Norwitz, G., and Codell, M., ‘Anal. Chim. 1954, 11, 33. 
4. Dupraw, W. A., Anal. Chem., 1954,26,1642. 
: 5. S. Tour & Co., “Final Technical Report on Research and Development of Methods of Chemical 


Analysis for Titanium Metal Alloys,’’ R10780, May, 1954. 
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| The 

Determination n of Microgram -Amou nts of 


Inorganic | Fluoride RARE 


‘By R. J. HALL Auch 


E ove — chromatographic method is described for the isolation, detection and 
7 aa am of microgram amounts of inorganic fluoride. Recoveries of 89 
per cent. were obtained for amounts of less than 20 pg staining method 
as little as lpgo of isolated | fluoride (as calcium fluoride) is described. 
THE determination of fluorine as. inorganic fluoride presents o 
q problems to the analyst. Of the methods in current use, by far the commonest is that of 
- distillation as fluorosilicic acid, introduced by Willard and Winter,! and subsequent — . 
_ of the fluoride with thorium nitrate in the presence of an indicator such as alizarin S (sodium 
to form a thorium lake. The procedure for organically bound 
is to ignite the substance to be analysed with metallic sodium or potassium in a Parr-type 
bomb at 500° to 600° C and then to continue with the distillation. This method is tedious and 
‘difficult and not easily applicable to small amounts.. During some recent work in this labora- 
5 tory, it was necessary to show the presence of microgram amounts of fluoride in a mixture of 
3 other inorganic and organic substances and to be able to determine these small amounts with - oP 
a reasonable degree of accuracy. Hence the technique described, which makes use of paper 
q chromatography and the extreme neeeeny of calcium fluoride, has been developed. Jaed. 
Calcium chloride solution, 3 per cent. w/v aqueous. Bo 
Calcium chloride - thorium nitrate solution—A 3 per cent ont dried 
- analytical- reagent grade calcium chloride containing 0-12 per cent. w/v of thorium nitrate, — <a 
| Riou <6 solution—A mixture of 85 parts of analytical- een grade acetone, 3 parts of 
acetic acid and 12 parts of distilled water by volume. tines 
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HALL: USE OF FoR THE 
Monochloroacetic acid buffer by dissolving 22-7 g of monochloroacetic 
acid in 800 ml of distilled water, then slowly adding 120 ml of N sodium hydroxide and © 
adjusting the volume to 1 litre with distilled Ping 
Solochrome brilliant blue BS staining solution—Prepared by dissolving 0-1 g of Solochrome 


Buffered alizarin S solution—Prepared by 10 of monochloroacetic acid buffer 
= to 20 ml of 0-01 per cent. alizarin S solution and ~—- the — tod 100 ml with =| 
Thorium nitrate solution, 0-002 
*° _ Bromophenol blue indicator solution, 0-04 per 


= pared by dissolving 2-7305 mg of spectrographically pure lithium m fucride {obtained ‘from 

Johnson, Matthey & Co. Ltd.) in 200 ml of distilled water. 

Standard fluoride solution for application to chromatogram—A solution o “21 


sodium fluoride or 27-305 mg of lithium fluoride | in 20 ” of water. 


Standard lithium fluoride solution—A solution containing 10 yg of fluorine per ml, pre- 


» 01 ml of either solution = 10 ug : of fluo 


alizarin S solution are best stored in polythene 


PROCEDURE FOR DETECTING FLUORIDE— 


a Sheets of Whatman No. 531 filter- ener, 23 cm x 15 cm, are cut and marked for descend- —% 
ing-solvent chromatography. It is convenient to have the starting line some 9 to 10cm — 
from the end. With a Pasteur pipette, , calcium chloride - thorium nitrate solution is applied 7 
to the starting line so as to form a band some 14 to 2 inches wide. This is allowed to dry in 
the air. The filter-papers should not be heat dried, as this produces uneven impregnation of 
the paper with subsequent distortion of the chromatogram. Spots of 0-005 to 0-02 ml of a 


solution containing 1 to 20 yg of fluorine as inengemnc Succi are applied to the paper, 
_ The chromatogram is developed in the descending- nivel manner for 1 to 2 hours at _ 
_ room temperature, after which it can be dried in the air and examined in ultra-violet light ; ; 
: ‘this is useful for detecting certain components. — Fluoride, calcium chloride and thorium > 
_hitrate are not themselves seen in ultra-violet light. ~ The filter- -paper is quickly rinsed intap _ 
_ water and then immersed in 0-1 M ammonium hydroxide for 1 minute. — ‘It is then removed, — 
om quickly rinsed in tap water, blotted dry and stained with Solochrome brilliant blue BS _ 
- staining solution for 2 to 5 minutes. Fluoride is seen as bright violet-blue spots at the point - 
9 application. The excess of Solochrome brilliant blue BS staining solution is washed cat | 
with 0-1 N boric acid to leave a white background. Spots stained and washed in this way — 
‘remain stable for a long while and as little as 1 of can easily be 
ProceDune FOR REMOVING PHOSPHATE AND OXALATE— = 
evera interfering 1 radicals, including phosphates and ania can be removed by pre- 
oe cipitation with silver perchlorate, a reagent employed by Armstrong? to immobilise chloride 
_ during the distillation of fluorosilicic acid. The technique adopted for up to 3 mg of fluoride © ; fi 
in the presence of about 30 mg of interfering substances is to add 0-5 ml of 10 per cent. ture : | 
= perchlorate solution to 2 ml of the sample in a 5-ml calibrated flask. The mixture 
J is made to the mark with acetone, shaken well and then centrifuged. To 4 ml of the clear 


_ supernatant solution, transferred to another 5-ml calibrated flask, is added 0-1 ml of saturated 
potassium chloride solution ; the mixture is diluted to the mark with water, vigorously shaken | 
and again centrifuged. Suitable volumes of the clear supernatant solution can now be al 


— 
Silver perchlorate solution, 10 per cent.w/v. xX 
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Whatman No. 531 filter- -papers are impregnated with 3 per cent. 

> solution and 0-005 to 0-02 ml spots are put on the papers; the chromatograms are developed — f 

_ and dried as before. An area of the paper is now cut out at the point of application of the — 
sample. It is convenient to use a stencil of Perspex having spaces of different areas. For 

0 ‘005 to 0-02-ml spots a l-inch x l-inch area is suitable. The paper is placed in a 6-inch Z —— 

x $-inch test-tube with 2 ml of 0-1 N hydrochloric acid and brought just to the boil. After — 
ere fen paper is removed and washed <= about 5 ml of water. _ Sufficient 0-04 N 7 


titration 1 to 2. 9 to 0—A area of paper to one on which the 


fluoride is to be determined, but containing no fluoride, is cut out and extracted with 0-1 N 
e hydrochloric acid as before. Two drops of bromophenol blue indicator solution are added ay 
_ | and the contents are titrated with 0-04 N sodium hydroxide until the colour of the indicator, i-; 
| after the solution has been adjusted to 20 ml with water, matches a blank of 20 ml of water, = 
4 0-2 ml of 0-04 N perchloric acid and two drops of the bromophenol blue indicator solution. 
_ The tube containing a sample is treated in exactly the same way and should require the — £ 
_ same volume of sodium hydroxide. _ This titration for the adjustment of the pH (a Doran a 
_ pH meter was used to check the pH) is most important, since even small variations outside __ 
the narrow pH range affect the thorium titration. It is necessary to carry out this eiration 
_ with care and to see that the colours of the blank and test solutions match exactly. A second 


_ blank area of paper, two or three test areas and two or three areas to which have been applied 
solutions of fluoride of known concentrations from 2 to 20 wg are now extracted and volumes 
_ of 0-04 N sodium hydroxide and perchloric acid equal to the py titrations are — 
but without bromophenol blue indicator solution, in Solin are 
+ __ Thorium titration—By means of a pipette, 5-ml portions of buffered alizarin S solution are _ 
placed i in each tube. To the blank tube is added 0-15 to 0-20 ml of thorium nitrate solution — 
= a 5-ml microburette graduated in 0-01 ml. The tube is stoppered and mixed by gentle 
_ inversion. The solution should now assume a pale-buff colour with a distinct pink hue. 
_ The unknown solutions are titrated slowly (not more than 0-05 ml of thorium nitrate ‘ane 
_ added at a time) until the colours match that of the blank; over-titration makes the solution 
_ pinker. The titration requires practice at first, but reproducible results should soon ‘be 
achieved. The colours are best matched by holding the tubes at an angle of 60° and “ll j 
down the depth of the solution against the bright-white matt background of Whatman No. 1 > 


= in daylight or fluorescent — but not in direct 
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HALL: THE USE OF PAPER "CHROMATOGRAPHY FOR THE DETECTION 


DEVELOPMENT OF THE METHOD “Ror ig 


; Although ‘the detection and determination of small amounts « of fluoride have been of 
ee interest for many years, surprisingly little attention appears to have been paid 

a to the use of paper chromatography. Lederer and Lederer* detected fluoride as a white spot — 

ona red background when the paper was sprayed with ferric salts, Mitchell* reported fluoride — 

__ to be a problem in the separation and identification of halides and Burstall, Davies, Linstead _ 

4 and Wells® described the separation on paper of fluoride, chloride, bromide and iodide with 7 

acetone containing 20 per cent. of water. This technique did not satisfactorily separate — 

fluoride from our mixtures and a method was required that would isolate the fluoride for its — 
subsequent determination. When fluoride is applied to paper impregnated with calcium 


P< chloride, calcium fluoride is formed, which is one of the most insoluble of the calcium — 
~ pounds and quite insoluble in dilute acetic acid. Only the oxalate and (+)-tartrate appear to’ 


= have hops, “meer solubilities and are also insoluble in dilute acetic acid. |. Hence i in the des- | 


of f application 3 and other omemrenen are eluted away from it by the acidified aqueous acetone. 


spots from ‘Whatman No. 531 filter- 


‘The titration procedure was developed from the isiiiteaine of Armstrong® and Hoskins. an 
Ferris, use being made of an improvement suggested by Buffa.” Solochrome brilliant 
BS, proposed by Milton, Liddell and Chivers* for the thorium titration, was found to be ~ 
ideal for the qualitative application, but not preferable to alizarin S for the titration. on 
Of all the radicals that interfere with the thorium titration and that form slightly soluble 
calcium salts, only phosphate and oxalate were found to affect the chromatographic separa- _ 
-_ tion of fluoride as the calcium salt. This problem was overcome by using silver perchlorate 
in 50 per cent. acetone to remove phosphate in the presence of small amounts of fluoride. 
. Ww ith as little as 60 yg of fluoride in a total of 6000 ug of phosphate, oxalate and citrate, 87 
per cent. of the fluoride was recovered. When the fluoride content was 3 mg as sodium 
_ fluoride in a mixture of 30 mg of other interfering acid radicals, all the fluoride was recovered 
and no interfering substance could be detected in the final solution to be analysed. — a an 
‘The staining of the fluoride with Solochrome brilliant blue BS depends on the adsorption 
of thorium nitrate on the calcium fluoride. In a study of the staining of fluoride ions, 
_ this technique was found to be much more sensitive than any other method tried. Arsenate, — 
tetraborate, citrate, silicate, tartrate and sulphate gave no reaction in amounts of 50 to 100 yg. | 
In the absence of phosphate, even oxalate presented no difficulty, since it was found to be ~ 
removed by treatment with 0-0005 N potassium permanganate in 2 per cent. acetic acid 
3 at 80° C for 2 to 5 minutes. This in no way affected the staining of the fluoride. ‘an — 
a I acknowledge the constant interest that Sir Rudolph: Peters, 
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“Willard, J. an and Winter, O.B., Ind. Eng. Chem., Anal. Ed., 1933,5,7. 
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‘The of Dimefox in Hops 
is the extraction of dimefox from hops, its 
» agree separation by chromatography from interfering substances and its subsequent © 


THE compound tetramethylphosphorodiamidic fluoride (I) is known as dimefox. In com-— 
mercial preparations it is also known as Hanane S-14, Terra-systam, BFPO , DIFO or 
_ Schrader’s compound 13/28. It belongs to the class of compounds known as systemic — 
insecticides, but differs from the majority of those at present in use by virtue of its compara- 
tively simple molecular structure and the fact that the molecule contains a | fluorine atom a 
(C,H,,ON,FP, 


The , compound can be determined, after | as lamine, inorganic fluoride 
a orp phosphoric acid. Although determination of dimethylamine would give the best quanti- 
tative results, it is not specific, as many plant substances decompose to give the amine. 7 
apres of fluoride would be diagnostic of dimefox as contrasted with most other 


d 
- 


systemic insecticides, but it is not very sensitive; it has about one-tenth of the sensitivity of 
the phosphorus method. — Determination of phosphorus i is a standard procedure for this type _ 7 
_ of compound and is very sensitive but not diagnostic. The phosphorus method was selected — 
a as being the most convenient. A pan of the behaviour of dimefox shows 
a 


of the — in ‘the separated compound 


EXTRACTION | OF DIMEFOX FROM ‘HOPS— 


; pe _ Hops, on account of their resinous and oily nature, are diana to prepare for the extrac- 
tion of dimefox. A method described by Dupée, Heath and Otter! involves an extraction 
with oil, , followed by vacuum-distillation of the oil containing the dimefox. In looking for a 


we” The method of Walker,? originally designed for extraction of the hop resins, was found 

to be suitable. _ The method depends on the initial extraction of the dry hop material with 
_ methanol. One extraction is found to be sufficient, provided that on filtration of the vegetable / 
_ residue the flask and residue are washed as indicated under “Method. ie After es of it o 
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_ petroleum to the extract, followed by ice-cold water, a partition is effected between saiihenil { 
water on the one hand and light petroleum on the other. The advantage of this system — 
_ is that dimefox is retained in the aqueous part while the hop resins go into the light petroleum — 
 - . The aqueous layer is extracted with chloroform to remove the dimefox, together with ; 
some of the plant substances. As the chromatography is best carried out in ether solution, 
a. combined chloroform extracts are evaporated carefully to dryness and the solvent is 
_ replaced by ether. An extract thus obtained includes a high proportion of phosphorus. _ 
Bay 9 containing plant material, a relatively large amount of green colouring matter (chiorophylls), 
vents. This and carotene, contained in ether solution other 


using chloroform and as solvents The same system may be used for 
-dimefox,‘ but it is difficult to separate the compound from the vegetable extract. With a 
column of magnesia, the difficulties disappear and a satisfactory separation is rapidly Boo oe ill 

4 When the solution for chromatographic | separation, referred to above, is placed on a 
column of 5 g of magnesia that has been prepared as described under ‘“‘Method,” —— 


graphic separation immediately takes place, the main portion of the colouring matter of the 

i; 7 extract being retained at the top of the column. With hop extracts, the chromatogram 
obtained has numerous coloured zones. When 100 ml of ether have been run through the | 
column, all the dimefox and a small amount of the yellow pigment is to be found in the eluate. | 

_ Washing through with a further 100 ml of ether does not lead to ) any further recovery of 
(probably carotene) does not appear to have a any y phosphorus content, but in any event, it is 


removed in a subsequent procedure before the final determination of phosphorus. Although 


_ the method was designed for hops, it is also applicable to the chloroform extract obtained 


7 from the aqueous macerates of other vegetables, for example, brussels sprouts, cabbages 


ether solution from the chromatographic seperation contains the dimefox that was 
_ originally present in the hops. _ After the removal of the solvent the dimefox is dissolved in 
_ water and is subsequently treated as in the method of Dupée, Heath and Otter. 1 The final 
_ determination of the phosphorus as molybdenum blue is based on the method of Berenblum 
Chain,5 with a modification suggested by Martin and Doty.* As the phosphorus concen-— 
' _ tration with which we are concerned is very low, the acidity and the salt concentration are 
+ factors of prime importance. The requirements are that the acidity of the final solution 
_ should lie between 0-5 and 1-5 N, and that neutral salts So ammonium ro eral 
The method consists in the ¢ extraction of dimefox from the plant material, its ‘nae to 
solution, chromatographic separation from interfering compounds and subsequent 


determination of the phosphorus" by a absorption measurement of the 


On G lass tubes chromategre 15 cm long and 1-5 cm diameter. 


All: the reagents used must be phosphate- -free. Reagent t 


¥ dimefox, nor does the phosphorus content of the eluate increase. The yellow pigment ; 


Light petroleum; boiling vange 40° to 60° 
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Ammonium molybdate reagent—Dissolve 50 g of analytical-reagent grade ammonium a 
. molybdate in 400 ml of 10 N sulphuric acid and dilute to 1 litre with distilled water, 
isoButanol - benzene mixture—Mix equal volumes of isobutanol and benzene. 
Stannous chloride solution, concentrated—Dissolve 10g of analytical-reagent grade 
stannous chloride dihydrate in 25 ml of concentrated hydrochloric acid: sit 
Stannous chloride solution, dilute—Dilute the concentrated solution 200-fold with 
Ethanolic sulphuric acid—Mix 5 ml of concentrated sulphuric acid with 245 ml of 
is Standard dimefox solutions—We prepared these from dimefox of 90 per cent. purity , =] 
(provided by Fison’s Pest Control Ltd.). Prepare a standard solution by dissolving about — 
0-2 ml of the dimefox in approximately 1 litre of water and dilute the solution appropriately, __ 
so that it contains 5 wg of dimefox per ml. the sol solution — 


with a ‘further small volume of methanol and then with several small volumes of light <n rool 
_ so that the total volume of light petroleum collected in the funnel is 100 ml. Shake the two 
layers together, add 200 ml of ice-cold water, and shake again. Add small amounts of sodium le: q 
_ chloride to break up any emulsion. Transfer the lower aqueous methanol greenish yellow — 1 
coloured layer into another 500-ml separating funnel and discard the upper dark green - 
brown coloured light petroleum layer. Extract the aqueous methanol layer five times — 7 
50. ml portions of chloroform, collecting the lower chloroform layers after each separation. { 


to dryness; take care not to have the conical flask too hot. Immediately the chloroform has 


\ Collect the fractions in a conical flask. ‘Combine the chloroform extracts and evaporate them 
‘exypaentod, | Tun into the conical flask sufficient ether to form a solution. Bg age the 


7 
THE MAGNESIA ‘coLuMN— 


Insert a cotton-wool plug into the of: a tube and po pour in ind 
of magnesia in a slurry with ether. Allow the : magnesia to settle and then insert another — 
cotton-wool —_ on the surface of the column. _ Transfer the ether solution of the —— 7 


i with 100 ml of ether, first rinsing the crook conical flask and then sania the rinsings ae &§ 
q to the column. As the column is washed, a wide yellow band moves down and, as the 4 _ 
washing proceeds, the front of this band splits into two smaller bands, followed by a wide — 
4g band spreading from the top of the column. A greenish coloured band persists at the | 
a _ In some experiments the collected washings are colourless, in others ¢ quite yellow, depend- 
Carefully distil off the ether, and immediately take up the residue in 10 ml of water. eal 
Stand the flask in a thermostatically controlled bath maintained at 25° + 2°C,andaddtothe _ 
aqueous solution 4ml of N perchloric acid. Set the solution aside “for 20 minutes, with 
aeons shaking. Transfer the solution to a 100-ml separating funnel and extract it 


three times with equal volumes of ‘chloroform. _ Discard the lower chloroform layers after 
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gy Select a sample of dried hop material, and shred it into as fine a condition as possible. = _ . 
f -Macerate 10 g of the shredded material for 10 minutes with 100 ml of methanol, and set the 4a 
to _ solution aside overnight. Filter the solution through a Buchner funnel containinga Whatman 
S No. 1 filter-paper, using slight suction. Wash the hops with a further 50 ml of methanol, 
a § _also collecting the washings in the Buchner flask. It may be necessary to effect a second - a 
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‘each extraction. Run the upper aqueous back into. the the 
- Separating funnel twice with small portions of water. To the total aqueous fraction add — 
0-5 ml of concentrated hydrochloric acid and 1 ml of concentrated nitric acid, and then — 
7 : evaporate the solution almost to dryness, until white fumes appear. Add a few millilitres 

_ of water and repeat the evaporation. _ Finally add a few millilitres of water and a few milli- _ 
litres of ammonia solution, sp.gr. 0-880, and boil the solution for several minutes in order 
_ to remove the excess of ammonia. — Allow the solution to cool and transfer it to a 100-ml 
a separating funnel. Wash the conical flask with 3 ml of ammonium molybdate reagent and 
y a little distilled water, transferring the washings to the separating funnel. Make the total 
volume of solution contained in the separating funnel 13 ml by adding more water if necessary. 
_ Shake the solution, and then add 10 ml of isobutanol - benzene mixture. Shake the mixture 
= vigorously for 30 seconds, allow the layers to separate, and then discard the lower aqueous — 
_ layer. Wash the remaining organic layer with 5 ml of N sulphuric acid, and again discard — 

: the lower aqueous layer. Finally wash the organic layer with 15 ml of dilute stannous z 
chloride solution, discard the aqueous layer, and run the organic layer, which is blue if 
phosphorus is present, into a 10-ml measuring cylinder with a stopper, washing in with 
_ ethanolic sulphuric acid, and dilute to 10 ml with ethanolic sulphuric acid. Mix thoroughly 
and measure the optical density of the solution at 730 my, using l-cm cells, pores a blank 


~ recov wery ¢ curve was s prepared by taking a series of solutions with known concentrations 


. E- of pure dimefox and treating them by a process similar to that described, namely, extrac- 
tion of the aqueous dimefox solution with chloroform, transfer of the dimefox to ether solution 
and the chromatographic and analytical procedures. When the amounts of dimefox, in i 
were plotted against optical density, a straight line was obtained; it cut the optical density _ 
The average recovery of dimefox 


over the range 0 to 5 wg was about 90 percent. 


‘Fig. 1 & Recovery of pure dimefox 
- aqueous solutions: curve A, theoretical recovery; curve A, theoretical recovery; curve B, recovery 


RECOVERY OF DIMEFOX ADDED TO DRIED HOPS— er as 


‘Fig. 2. 4 Recovery of dimefox from dried hops: a 


_ Aliquots of standard dimefox solution hauls run on to 10-g samples of dried | shredded ? 


_hops that were free from all insecticides. : The samples were set aside for 10 minutes, then 
_ methanol was added and the mixture was macerated; after the mixture had been set aside 
_ overnight, it was treated by the proposed procedure. “When the amounts of dimefox, in yg, 


i _were plotted against optical density, a straight line was obtained; it cut the optical-density | 


axis at a value equivalent to the reagent blank (see Fig. 2). The average recovery of dimefox 


over the range 0 to 5 Hg was about 90 percent. 


4 SAMPLES _DIMEFOX-T -TREATED HOPS EXAMINED FOR _RESIDUES— kes. > 


ai - Eight samples of hops that had been t the subject of soil treatment with dimefox were 
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HOPS 
_ residue contained more than 0- 13 and most contained much less. 


_ The recoveries quoted are derived from experiments i in which known amounts of dimefox _ 


_ were added to dry hops that had received no phosphorus insecticide during growth. - + While 

_ this procedure simulates the conditions obtaining in the case of plants grown in dimefox 

_ treated soil, it is not identical with field conditions. There may be unknown factors influenc-. 

ing the recovery from growing plants. Residue figures obtained by this method in treated 

‘ ‘crops are of the same order of magnitude as those obtained by the distillation method. The © 
chromatographic separation has the advantage in simplicity and speed. In addition, the — 

. - blanks obtained by the method are of the same order as the reagent blank. © Recoveries are 

- of the order of 85 to 95 pore cent. “ the amount added in the e region 0: 0-5 ug of | dimefox on 10 gs 7 


We thank Dr. G. M. Bennett, x B, va R. S., the Government Chemist, for permission to — 
iblish this paper. 
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JENNINGS anp E. M. OSBORN 
An improved method for the determination of traces of ontinn dioxide 
<a in water is described. A sample of acidified water is aspirated with — 
r air free from carbon dioxide and the carbon dioxide evolved is absorbed in 
sodium hydroxide solution. The alkaline solution is titrated with 0-01 N_ 
Bie ft: acid, the titre between pH 8-3 and pH 5-0, measured with a glass electrode 
system, being a measure of the carbon dioxide present. The concentrations 
ise 7 of carbon dioxide determined were in the range 0-01 to 0-10 mg = litre. 
INVESTIGATIONS of the par part played by c carbon dioxide in the corrosion of boiler feed systems = 
= the measurement of traces of carbon dioxide dissolved in the feed water. Previously _ 


* were examined and found to be insufficiently sensitive, and a method © 


been given to the blank determinations in an endeavour to reduce the blank values to a 

1 minimum, and the size of the sample has been increased to increase the sensitivity. = 
~The method involves the manipulation of the sample out of contact with atmospheric 
carbon dioxide, the carbon dioxide in the sample being aspirated with air free from carbon 
dioxide and absorbed in sodium hydroxide solution. The - alkaline solution is then titrated 
ee in a closed circuit to a pH of 8-3 and then in a stream of air free from carbon dioxide to . 

pH of 5-0, a glass electrode system being used for the pH measurements. = ore ant 

~~ Results with standard sodium carbonate solution over a range equivalent to 0-022 to 
“110 se of carbon dioxide per litre gave reenits within + 0- 002 mg per litre of the concentra-_ 
The time taken for one deter-_ 
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ae a... In order to obtain maximum nny the following sources of error have been con- 


TRANSFER | OF | CARBON DIOXIDE FROM THE SAMPLE TO THE SODIUM HYDROXIDE SOLUTION— —— 


__ Errors can be caused carbon dioxide contained in the sodium 


2 of a mercury cathode and decomposing the amalgam with water free from carbon dioxide; 
this was later found to be unnecessary, sodium hydroxide “free from carbonate” being 


sufficiently pure for use. The Pa Ey of the sodium can be tested 


‘sebation. the titre be C "Then C-B is a ‘measure of the carbon = 


ait The second possible « error is. allowed for by the blank det rmination described in 


The third possible error can be eliminated by continuing the aspiration in stages, and, = 
Ya as can be seen from Table I, p. 675, two aspirations were usually found to be sufficient. _ 
oF THE RESULTING SODIUM CARBONATE— 
: on The carbon dioxide absorbed by the sodium hydroxide ‘solution will be present maialy 
_as carbonate at pH 11. Hence, 0-01 N sulphuric acid is added until the pH reaches 8:3, } 
_at which point the carbon dioxide will be present as bicarbonate; this part of the —— 
i is carried out in a closed circuit to prevent loss of carbon dioxide from any local concen- — 
a tration of acid immediately on addition. The titration below pH 8-3 is carried out in a 
ae stream of air free from carbon dioxide, the sodium bicarbonate is decomposed, the carbon 
dioxide is removed to the atmosphere the pH falls to 5-0, by time 
‘The concentration of the carbon will eliminate i inter 
ference by most substances found i in boiler feed water. 


acidified sample. The only substance expected to interfere is an 
a aspiration of the sulphur dioxide. This effect might be reduced or eliminated by oxidation 
= aeration, but in view of the fact that no sulphite is = in me: boiler feed water 


It is essential that sthention should be. given to details of and 


procedure i if Teliable are ‘to be obtained. as | 


. Ki The complete apparatus is shown in Figs. 1 and 2 2. * The sample i is collected and treated © 
in a bottle, A, having a calibration mark at 10 litres. Through the rubber bung of the sample : 
ee - are inserted (a) a glass tube, B, extending almost to the bottom of the sample bottle | 
_ and having a polythene connecting tube at its upper end that can be closed by a screw clip, C; 
0) a glass tube, D, having two No. 2 porosity sintered-glass discs and a three-way stopcock, 7 
i : ‘Si; (c) an outlet tube, E, having a three-way stopcock, S,; and (d) a tap funnel of 100 ml 
capacity, F. It is important that all flexible connections should be as short as possible, _ 
_ that polythene - glass connections should be as tight as possible and, where manipulation 
allows, sealed with poly(vinyl chloride) cement, and that every effort should be made to 
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. Complete apparatus for de arbon dioxide in — : 
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"reference electrode and a temperature compensator n (i) a gas outlet tube fitted with a rad 
way stopcock, S,; and (tv) two burettes, one containing sulphuric acid and one containing _ 
_ sodium hydroxide, the latter being agg with a hag meets projecting beneath the surface of _ 
_ the liquid in the cell, as aoe & in ‘Fig. 3 ; It is important that the burette te stopcocks 
Air outlet 


‘= Soda-lime containers aa 


= container 


— Polythene = 
sleeve 


ba = Temperature compensator f = Gas 
= Glass electrode g = Gas outlet 


d = Burette containing alkali 
“Fig. 8(a). Details of the burette containing the alkali kali 
‘The pump used was a ‘hone diaphragm-type compressor, manufactured by Charles 
mi: Two 90-cm heating tapes are are wrapped round the lines from bottle to cell and from cell _ 
pump. Control units are fitted both tapes. The used was a Marconi mains- 


Free 


Oct.,1957] OF CARBON DIOXIDE IN WATER 
_ | ____ Details of the titration cell are shown in Fig. 3; this consists of a 250-ml squat spoutless _ a 
| 

lete apparatus | 
who 
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| 
+ 
| 


AND ‘OSBORN ANTI ETERMINATION OF (Vol. 
Distilled water, , free from carbon , dioxide—Prepared by boiling labo atory distilled wat 4 


for 30 minutes and cooling it under a guard tube. viteowxs onived 
Sulphuric acid, diluted (1 + 1), from carbon dioxide—Prepared from the concentrated 


is veins carried out, it is necessary to determine the residual e.m.f. of the gs manais 

being used and to utilise this value in setting up the pH his 
- sufficiently accurate for this method of determination. Rei a 

PRroceDURE FOR COLLECTING THE SAMPLE— 

ae ‘The sample bottle, A, is removed in such a way ay that stopcocks Ss, and S,. are still connected — 

- to the bottle. _ The sample enters by way of tube B, the bottle is filled and water is allowed to 

é overflow through funnel F and stopcocks S, and aa _ The contents of the bottle are ing tube. 


PROCEDURE FOR DETERMINING CARBON pIoxDE— | 
. ee sample bottle, A, is reconnected, stopcock Tk is oniia to the atmosphere and 
: stopcock S, is connected from the pump to the sample bottle; clip C is opened and water 
Pd _ is pumped ‘from the sample bottle by way of tube B and is replaced by air free from carbon 
: A dioxide. When the water level is almost down to the 10-litre mark, stopcock S, is turned to 
connect the sample bottle to the titration cell, stopcock S, being open to the atmosphere, and 
_ the water is allowed to syphon out of the sample bottle thereby reducing the pressure in the 
bottle. Clip C is closed when the correct level has been reached. A 50-ml portion of diluted 
_sulphnric acid (1 + 1) is added through funnel F. Stopcock S, is opened to the atmosphere 
momentarily, to fill the line with air free from carbon dioxide, and is then closed. — = 
ive The electrode system is thoroughly washed with acetone and then water (this was ane 
_ to increase sensitivity by removing any grease and matter adhering to the surfaces). Approx- 
_ imately 100 ml of water free from carbon dioxide are placed in the titration cell and 2 to 3 ml 
_ of 0-01 N sulphuric acid are added; air free from carbon dioxide is then bubbled through and | 
out by way of stopcock S, for 5 to 10 minutes to ensure freedom from traces of carbon dioxide. 
_ The liquid level in the titration cell is lowered to a position fixed by the electrode system by "| 
_ replacing the sulphuric acid burette by a syphon inserted to the required depth and momen- 
tarily closing stopcock S,. It is important that the liquid should be adjusted to this level — 


each of the determination. With air free carbon dioxide flowing through 


| 


] ‘cell and the sample bottle : is brought into the circuit by yvdjusting stopcock S, to poner 
i" the pump to the sample bottle and also stopcock S, to connect the sample bottle to the titra- 
; — tion cell. __ The heating tapes are switched on so as to maintain a temperature of approxi- 
a ot mately 40°C, which is sufficient to prevent any condensation from forming i in the tubing. ; 
_ After aspiration of the sample, stopcock S, is adjusted so that the pump is connected 
directly to the titration cell and stopcock S, is closed, so that the sample bottle i is cut out of 
circuit. q 
_ imately 9. i Seontenie of 0-1 ml of the same acid are added and the pH and burette reading 
_ are noted until the pH falls to just below 8-3. Stopcocks S, and T are then opened to allow 
air free from carbon dioxide to flush the system; further increments of acid are then added © 
until the pH falls to below 5-0. The amount of acid 8: 3 and 5 may be 
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q sulphuric acid burette is removed and the liquid level is re-adjusted by meansof the 
A blank titration is now carried O-1N 
sodium hydroxide is run into the titr 


TRACES oF CARBON DIOXIDE IN WATER 


- titre i is the volume required under conditions in which carbon dioxide is absent and i is womlly 
0-4 to 0-5 ml of 0-01 N acid—let this volume be 
a _ The liquid is again syphoned to the required level, the ‘sample | bottle is heeaie pokes 
S the circuit and aspiration is continued for 30 or 60 minutes as required. Titrations are r 
carried out as before to give titres of A, and B, ml. The blank titration should be repeated - 7 
after each determination, owing to a very slight loss of diets at the glass electrode; this 


nn 


NaHCO, + H SO, = NaHSO, + H,0 + CO, 

1 ml of 0-01 N H,SO, = 0-44 mg of i.e., 0-044 mg of CO, per litre i ina 10-litre 


77) 


‘The apparatus is allowed to run on a closed circuit with the s ies eiadiaclilin bottle excluded - 
& 1 hour and a titration is carried out, followed by a blank titration as described above and the 
. difference, usually about 0-05 ml of 0-01 N acid per hour, is noted. This is believed to be 
_ due to diffusion or leakage of carbon dioxide through the flexible joints or pump p diaphragm 
Z and the result, Ise very small, must be included i in the above calculati _ 


DETERMINATION © OF CARBON DIOXIDE IN WATER 


ol 2 

1 Ale 


d has been applied to the determination of carbon dioxide in boiler feed water, 
a some typical results obtained at power stations having boilers operating at 900 lb per . 
q sq. inch are » Results of determinations of the blank were» 
of 01 N acid per er hour, mi.. 0-03, 05 
Equivalent of carbon dioxide in 


jmethod has also been with sodium “The 
apparatus was assembled with the sample bottle filled to the 10-litre mark with acidified 
= 


water aspirated free from carbon dioxide. A measured volume of 0-01 N sodium carbonate 
_ was added by means of a pipette and the carbon dioxide v was determined by the proposed 
urs. 
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carbonate taken, Aspiration used, Total acid, 


0-96 


Xie OF RESULTS wa sore 

og It will be be seen from the results in Table II that there is close agreement netlnwn the 
calculated and determined concentrations of carbon dioxide, 
_ The standard deviation of the carbon dioxide found from the carbon dioxide taken was } 
00016 mg per litre and the standard deviation of the apparatus blank was 0-0009 mg per litre, _ 
“<i which indicates that the apparatus blank is the largest factor in the residual error. No 7 


determination below 0-110 mg per litre showed an error greater than 0-002 mg per litre. 
__ Work was also carried out with 2-2 and 4-4 mg of carbon dioxide, but it was found that 
the titration - pH curve in the region of pH 8-3 was very flat and led to errors in the volume 
_ The results indicate that the method is capable of determining carbon dioxide in boiler 
ta feed waters with an accuracy of + 0-003 mg per litre on a 10-litre > sample provided that the 


sample does not contain more than 1 mg of carbon dioxide 
We thank Mr. R. Wolforth, Divisional Chief Chemist, for his encouragement and advice 
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he Influence > of Chloride on the Dick chromate-value Test 


te 


‘The suitability of dichromate for the determination of oxygen 
a by p polluting matters, is confirmed. However, it is shown that errors ae 
] in the presence of chloride and of chloride and nitrogen occurring together. ee st 
* _ These errors have a multiple effect. Correction is possible, but not precise. — ud 
_ THIS paper is a record of tests carried out for the purposes of an investigation on the di- 
4 chromate-value test by - Panel I of a Joint Committee of the Association of British Chemical 
Manufacturers and Society for Analytical Chemistry, which was set up to 
analytical methods applicable to trade effluents, 
: a For the determination of oxygen absorbed (0.A.) W. A. Moore et al. employed « dichromate ov 


in a method involving heating under reflux? and later t incorporated the use of silver as a = 
catalyst,? as recommended by Muers.® Phey obtained results near to the. calculated value for i 
the oxygen required to oxidise a large number OI seiectea organic compounds in pure solution. 2 
“ _ According to Moore et al., chloride, when present, ‘is 100 per cent. oxidised, sothatits =~ 
oxygen requirements can be calculated to yield a true correction. q 
In the present work, the method of Moore e¢ al. was examined, and four main siti 


sé): The method gives results much nearer to theoretical values than the conventional | 
ira: method based on permanganate, when pure solutions are being dealt with. = 
hi (it) When the silver salt is added before the chloride is oxidised, silver chloride n may 


be precipitated in a coagulated form difficult to oxidise. 
2. ‘ (tit) The chloride present is not completely oxidised and, i if this is ignored, oe 
0 may develop-for which a precise correction cannot be made. 
e. ____ (tv) Correction is more difficult when chloride and nitrogen occur together, because 

nitrogenous portion oxidised free chlorine ne developed during the 
We ‘recommend that sufficient should added to oxidise the in 


le _ Teflux should be carried out before the addition of the silver. We also suggest approximate - : 


or |. | ~ addition to the normal 25 ml required to deal with the sample, and a period of heating under 


corrections for the presence of chloride, and of chloride and nitrogen occurring together. _ 
7 ‘These modifications have been incorporated int into the method put forward asi Panel I of 

the Joint C Committee. 


: hy Some « comparative > dichromate and permanganate values were first found for solutions, 
in distilled water, of pure organic compounds. Results are given in Table I, from es it 


_ will be seen that they conform with the general thesis. es a 


TABLE. 


CoMPARISON OF DICHROMATE AND | PERMANGANATE VALUES 


Determined O.A. = ~—_—s calculated O.A. 


Compound ‘Calculated O.A.,. KM 


0-437 
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___ Chloride is commonly a constituent of saturdl waters and is , oxidised by dichromate. 
Moore et al. recommended that a correction should be applied f for the e presence of chloride, 
4 based on 100 per cent. oxidation of the chloride. 
oS ___ In the course of the present work, it became apparent that the degree | _ of oxidation of 
It was found that chloride in high concentration was not readily oxidised, since silver il 
chloride was precipitated in a coagulated form. It was necessary under those conditions to } 
te continue the period of heating under reflux until the precipitate was wholly dissolved, in 
i aw order to complete the oxidation. In some tests 2 hours was found to be the minimum period. 
For example, a solution of monohydric phenols having a theoretical oxygen absorbed of 
4 259 p.p.m. and a sodium chloride content equivalent to 1750 p.p.m. of chlorine gave the | 
following results, the oxygen absorbed being based on the assumption of 100 per c cent. oxida- 
‘Time of heating underreflux,hours. € 
More satisfactory ‘results: were obtained with gas liquor, as shown by” the following 
eh Sample A, 2 per cent. of 10-oz gas liquor in potable water. After 1 hour’ s boiling, values for the 
oxygen absorbed were 316 and 310 p.p.m., giving a mean of 313 p.p.m. __ eae RR tery i 
_ Sample B, 2 per cent. of 10-oz gas liquor in potable water. _ After 1 hour’s boiling, values ale the 
oxygen absorbed were 380 and 387 p.p.m., giving a mean of 383 p.p.m. 
ss Sample B, with added sodium chloride (equivalent to 120 p.p.m. of chloride). After 1 our’ s 
oiling, the oxidation of chloride was erga rn) as judged by persistent turbidity. After 2 hours’ 


boiling, the value for the oxygen absorbed was 3 


__ Consideration was given to the removal of chloride by yy precipitation and filtration. — 
- However, experiments demonstrated, as was expected, that co-precipitation occurred in the h, 
presence of colloidal matter, e.g. , fatty acids and proteins. — The oxygen- -absorbed value was _ 
reduced. Some results| are shown in Table II. The results “with correction for 


aie 


fag 
OLA. 


Chloride added, 


Gl 190 500 


Oxipation: CHLORIDE IN ABSENCE OF SILVER— 


Another p probability was that oxidation of the chloride be achieved ifthe 


ier Experiments with a solution of sodium chloride, silver being absent, demonstrated t! that 
_ Maximum, but not complete, oxidation was achieved in } hour . The incompleteness of oxida- _ 
4 tion became a major point in later work, but for the sake of clarity is discussed at this stage. 
__ In order to demonstrate the point more fully a series of tests was performed in which the - . 
4 back-titrations were carried out with N/80 ferrous salt. Solutions having various con-— 
centrations of sodium chloride were heated under reflux, 25- ml portions being taken, 
for 2 hours with excess of dichromate, but without the addition of $0 sulphate. The — 


A 


J special incomplete oxidation of chloride, ‘if ignored, leads to low oxy oxygen- n-absorbed values, — 
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results “with precipitation of chloride” were obtained after the chloride had been 
i ¢ 
precipitation 
A 4 
on 


= _ equivalent of the chloride present, S the oxygen-absorbed value of the organic pollutant, both 

¥ in the same terms, and P the percentage error due to the assumption of 100 per cent. oxidation — 

q of chloride, then the observed oxygen-absorbed value of the sample contains an error of — 

JS per cent. It follows that, unless P can be S 
exactly calculated for an unknown degree of organic pollution. __ a bs g 


ai OXIDATION OF CHLORIDE IN ABSENCE OF SILVER 


2 23-80 

a tf Hence 1 the applicability of the dichromate-value test is , limited i in the presence of high 
. chloride concentrations. However, if the test is confined to the use of N/8 dichromate, —_— 
aa f as recommended by the Panel, then it can be shown, by application of the above formula, — ; 
e that the concentration of chloride for organic oxygen-absorbed values of 250 to 500 p.p.m. 

_ | should not exceed 1000 to 2000 p.p.m., if the resulting oxygen-absorbed value of the pollutant 
4 is to be within 5 per cent. ofthe true valu. 
= __ It further follows that, if the concentration of chloride reaches 10,000 to 20,000 ppm, 

; | the errors developed might be equivalent to oxygen-absorbed values of 112 p.p.m. and Y. 
| 224 p.p.m. _ Hence the test would be void when such values are appreciable fractions of © 


accompanying oxygen- ot the 

OXIDATION OF LACTIC ACID AND ALANIN 


The dichromate value of pure lactic acid in pure solution a1 and in the presence of re 
"was determined by using the method recommended by the Joint Committee. Typical — 
results are given in Tables IVA and IVs, from which is seen that a serious depression i in the 


amount occurs at ro at high con concentrations of chloride. 


DETERMINATION OF THE DICHROMATE OF 


I— 


(a) 

» b) Lactic acid + silver 

Lactic acid + Silver ‘sulphate 

* hat 

e (a) Lactic acid sulphate... 2 12-0 85-0 

Lactic acid + silver sulphate + 12, — 


aa ‘Lactic acid + silver sulphate 12 


Mean of two tests, after at the ‘end of each to remove any volatile oxidising agents. 
- | If the differences in absorption, in ml of N/8 potassium dichromate, between that of the | te 


, pure lactic acid and those obtained when chloride was present are ascribed to an error in the ¢ 
o _ oxidation of chloride, additional oxidation of lactic acid is obtained as follows— oe a 


= cent., to give a total of 1 8 per cent. 


a 
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680 a AND MOORE: THE INFLUENCE OF CH 
728 = 2 per cent., ‘to give a a total of “7 per cont. at 
The value for pure lactic acid is 80 per c t. 


a = 41-2 per cent., to give a total of of 85: 0 per oink ‘ 


‘The value for pure lactic acid is 85 per ct cent. 


The calculation . of the ‘error an and the extent of oxidation of is eidetide are seen from 


OF THE ERROR AND THE EXTENT OXIDATION 


chloride of N/8 N/8K,Cr,0, 


Series II (b) 425, 


“70 


‘The: dichromate value. of pure weit. taken as being i indicative of nitrogenous com- 

4 pounds, was similarly determined . Results are given in Table V. 


DETERMINATION OF THE DICHROMATE OF ALA} ALANINE» 


(6) Alanine + silver sulphate. . os ‘ 

(c) Alanine + 293 p.p.m. of chloride added: as chloride 

(d) Alanine + 12,753 p.p.m. of chloride added as sodium chloride 
_ (@) Alanine + 12,753 p.p.m. of chloride added as sodium chloride ad; 


The chloride content of (c) was equivalent to 1-65 ml of N/8 potassium dichromate 
and that of (d) and (e) to 71-85 ml of N/8 potassium dichromate. eet a 
If @) and (e) are corrected in the same manner as was done for lactic acid, the following 
values for these oxidations are obtained, 12-3 being taken as the mean of (a) and io 
_ 69.6 per cent,,togivea total of 275 + 69-6 = 97-1 
per cent 0 give a tota + 58-5 per cent. 


_ The oxidation of the chloride is then muiioeedn t 


4 


_ The effect of high chloride c content together with its variable oxidation is confirmed. _ 


x eae In this case, however, the opportunity was taken to examine the oxidation from the 


point of view of nitrogen. In order to do this, the titrations were performed with N /8 ferrous 


_ sulphate, which was stored in an atmosphere of hydrogen. The amount of nitrogen present — ; 
was 1-89 mg in each test and the amounts recovered, in mg of nitrogen, were: (a) 1-14, oe 1- _ J 
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ON THE 
OXIDATION OF UREA: PRESENCE OF NITROGEN TOGETHER— at 


_ _ The oxidation of the nitrogenous portion of the molecule indicated that the reaction was 
in the foregoing instance more complicated than had been supposed and further experiments — 
= carried out to elucidate the problem. 
Urea was chosen for this purpose, since it is of simple chemical constitution and is a _ 
“natural GF Gals 
___ A preliminary experiment demonstrated that some oxidation did occur directly with 
_ dichromate, but that it was enhanced in the presence of >... The direct oxidation was was 
+ 30-+ CO, + 2H,0 + 
from which it was calculated that 12-5 ml of N/8 potassium dichromate might pen 
_ oxidise 15-6 mg of urea. Accordingly, in a series of determinations a solution of urea con- _ 
taining 15-6 mg per 25 ml was used, together with various concentrations of chloride in the 


= wane, ~ aia results | from the these tests tests are given in Table VI. 


OXIDATION OF UREA IN PRESENCE oF CHLORIDE 

ml of N/8K, sCr,0, = 5-21 2 mg g of 1 

Chloride Total volume eof as volume of Lae 


ll 


resent, p.p.m. 1278 6327 
Oxidation, % rd 7 
Ri the higher degree of age urea appears to ‘depend | on the p presence, bu 
‘not the concentration, of chloride. It would seem that the chloride at the lower concentra- 
, _ tions acts in a cyclic manner, forming free chlorine and chloride alternately, and so ny © 
urea and thereby reducing the dichromate. 
There are several routes by which chlorine may oxidise combined 
- it is thought that each involves tervalent nitrogen, therefore that is the basis of the _ 
correction offered in the » Joint Committee method (7.e., 1 ml of N/8 K,Cr,0O, = 0-5833 mg > 
of nitrogen). - However, it should be pointed out that the correction, “although based on | 
valency, is not precise, since the nitrogen may be simultaneously directly and indirectly _ a 


ne. _ The correction is given, since oxidation - this nature are generally con- ~ 


“Taste VIE 
NICA 


be Oxidation with Oxidation with 
= silver absent, % _ ‘silver 


Benzyl chloride . 


Chlorobenzene... 


| | 
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J ; _ The amount of oxidation 1s very variable between the tests. is In marked contrast 4 a 
7 to the experience with lactic acj e apparently causes 
| | 
| 
4 
| 
J 
q 
comes in effect a test of benzoic acid and acid. 


OxipaTion 1 IN PRESENCE OF ORGANICALLY COMBINED CHLORINE— amt 


. 


- Inan an incidental manner the oxidation of chain and ring g structures in which chlorine i is 
organically combined was examined. Some results are given in Table VIL. 
oh _ It has been confirmed that the results obtained in the dichromate-value test are generally 
- to the theoretical value, which is in marked contrast to those obtained from the per- 
It has also been shown that chloride, which is of common occurrence, may introduce 
a that cannot be corrected in a simple manner. However, oxidation of the chloride by 
- dichromate before the addition of silver sulphate usually reduces the error to negligible dimen: dimen- 
Correction of the error is more difficult when chloride and nitrogenous compounds occur . 
_ together. _ Part of the unoxidised nitrogen may be directly oxidised by the dichromate and _ 
part simultaneously oxidised by the free chlorine developed from the chloride. An — ; 
correction is suggested for such sis ofthe limitations placed 
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PREPARED BY THE JOINT B.C. M. - A. COMMITTEE O} 
METHODS FOR THE ANALYSIS OF TRADE EFF LUENTS 


Tue ultimate purification of an effluent from organic matter must be a 
_ of oxidation. The assessment of the amount of oxygen necessary for this purpose 
has been the ; subject of much research over many years, but it is still true to say __ 
Bsc no one single procedure has been devised that will give a satisfactory — 


_ years, but only three selected methods are recommended and described; two are 

=e chemical in character and one is biochemical. _ Mention should also be 
" which can be derived from a knowledge of the contents of the elements in it existing 
in oxidisable forms. This quantity has been termed the ‘“‘Ultimate Oxygen Demand” 
—(U.O.D. ). When the main elements involved are carbon and nitrogen, the expression 
- U.O.D. = 2-67C + 4-57N has been suggested, where C is the organic carbon content — 
g and N is the sum of the ammoniacal and organic nitrogen contents. It must be — 
pointed out, however, that other elements may also exert an oxygen demand, 
e.g., hydrogen, sulphur and phosphorus. For strict accuracy these should also - 
. into account and allowance should be made for the oxygen already present — 


methods a of of the oxygen demand are the determina- 


oxygen absorbed boiling acid (dichromate value), 
(b) absorbed from acid potassium (permanganate value), 
Biochemical Oxygen Demand (B.0. D.) 
eee these are dealt with in detail i in the following g sections, it is conv enient 


‘The use of potassium in boiling acid solution for determining the 
chemical oxygen demand of effluents was introduced by Adeney and Dawson! in 
1926 and much subsequent research has been devoted to it. It is convenient to 7 
pone the term Pe pecan Value’’* as an abbreviated title for this test. As in 


“matter; the matter may not oxidised and the organic 
“nitrogen is generally unoxidised, the proportion depending on the structure of the — -' + 
compounds _ Chemical oxidation of this nature does not differentiate 


i. ——cexygen demand values are not strictly correlated with biochemical oxygen demand 
Nevertheless, the dichromate-value test, which is a new feature in 
_ Practice, , is recommended as a standard method, since, for trade effluents, it has _ a 
eonsiderable advantages over the permanganate-value test, particularly in regard 
to reproducibility and to its applicability t to a o a wide variety of of ‘samples BS; 7 


In the tenth “Standard Me Methods for the Examination of Water, and 


Industrial Wastes,’’® the of the test is expressed as the ‘‘Chemical Oxygen 
77 
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ygen absor rom aci potassium permangana e is the oldest of the 
— tests now in use. It is convenient to adopt the term ‘‘Permanganate Value” as an ~ 
— _ abbbreviated title for this test. Its continued use in the British Isles is due to its 4 
simplicity, which enables it to be carried out by operators without a high degree of 
skill, and it also gives a result that is available on the same day. It was one of the 
____ earliest methods used to assess pollution and therefore provides a continuing basis for | a 
3 comparison with the results obtained in previous years. In most cases it is suitable _ 
for routine control in any particular works, and is one of the methods that may be 
used when a B.O.D. determination is inadmissible, for example, by reason of toxicity 
‘$e to seeding organisms of the materials under examination. = 
The scope of the test is limited ; it is an empirical measure of chemically oxidisable ‘a 
matter, although, as a general rule, nitrogenous substances remain unoxidised. The an 
result is only very broadly related to either the ultimate biochemical or chemical 
oxygen demands, the relationship varying with the chemical substances present 
2 -_In order to ensure that all the results obtained are comparable, : it is is imperative — 
the conditions specified s shall be Tigorously observed. 
‘The B.O.D. test was devised as the sis of the researches made in this country — ' 
under the auspices of the Royal Commission on Sewage Disposal. It is, in fact,a 
biological procedure that attempts to simulate the natural process of purification of 
=. matter by oxidation as it occurs in a river or stream, where the dissolved —— 


- geni in the water supplies the oxygen used by the organic matter and i is itself replaced 


only a of the ae the oxidation of the 
. matter will be used up. Moreover, during the 5 days, the carbonaceous matter will ‘ 
_ be preferentially oxidised, since the oxidation of the nitrogenous portion to nitrite _ 
or nitrate generally occurs at a later stage. Particularly for river and stream surveys a 
_and also for sewage-effluent assessment this is a most useful test, but with industrial 
wastes great caution must be observed, since the up-take of oxygen in the B.O.D. 
__ test is due to biological oxidation of organic matter, and the presence of any substance © 
that depresses or inhibits biological activity interferes. Such substances include 
chlorine, chloramines, certain metallic compounds and organic substances that may ls 
be bactericidal when present in concentrations above a particular level. \ pie dal 
After careful consideration the Joint Committee concluded that, in the interests 
_ of uniformity and for convenience of operation in the many laboratories that require 
- to assess biochemical oxygen demand on both trade and sewage effluents, it was E . 
desirable that the method recommended should, so far as is possible, be identical in 
detail with that recommended by the Ministry of Housing and Local Government _ 2 
Committee for the Analysis of Sewage and Sewage Effluents. Permission was 
therefore obtained from H.M. Stationery Office to reproduce this method, although — 
_ it has, of course, been necessary to make certain deletions and additions to the text _ 
_ in order to cover the ‘special problems associated with trade effluents. The Joint a 
_ Committee, therefore, put forward the revised text that appears in a following i 
section of their Recommended Methods—the deletions and additions to the Ministry 
‘method being duly indicated (see footnote, p. 691). These remarks also apply to 
_ the section on “Dissolved Oxygen, " which is is a necessary eer» to the B. 0. D. 3 


In addition, the following points merit Special attention 


for trade effluents, but it presents considerable difficulties; appropriate para-_ 
ties on this subject are included in the text (see pp. 701 and wee TT OR 
; ae (6) It has already been mentioned that substances that depress or inhibi 
_biological*action interfere with the B.O.D. test. A list of inorganic substances 
been Teported to interfere in this way in in the B. 0. test for ‘sewage’ of. 
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EFFECT OF INHIBITORY SUBSTANCES ON THE DETERMINATION OF THE 
B.O. D. OF SEWAGE BY THE DILUTION METHOD 
Effect on B.O.D. of sewage 


in B.O.D. x 


4 or i ‘mg per | 


"Inhibited 
little effect on a“ 


Sexavalent 


chromium (as iad 


chloride 
Co) 


5 


a= 


> Cyanide cy) 


>< 


chloride 


ation “sewage 
om appeared to be great- 
— at a salinity of 8-5 
per 1000 g (= about 
per cent. of sea 
but in one 
experiment the rate 
Was greatest at é 
22-7 g per 
1000g 


estuary water 
usually greatest ata 
salinity of about 20g 
but with 
samples was 
greatest at a salinity 
: of below 5 g per 1000 g 


. In ny manomasteic method (see Table Is) the sample i is usually ‘undiluted, but i in the dilu- : 
‘tion method the sample may be diluted 50 to 100 times with synthetic dilution water, 


Reduction in B. O.D. of a solution 300 of per litre, dilution 
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given in in Tables Ia and be inhibitory and 
others may not respond to the test because their molecular structure renders 
- them resistant to biological attack. Lists of organic compounds, including 
_ most of the active agents of synthetic detergents, 12,13,14,15 whose behaviour in the 
- dilution and manometric B.O. D. tests has been examined, are to be found in 


B. 0. D. OF SEWAGE BY THE MANOMETRIC METHOD 


Concentration up by Sewage in 5 days 
or ion mg per “litre 


( 


chromium (as Cr) 
Ferric chloride ¥ 
(as FeCl,) . 

Nickel (as Ni) 


* Plus sodium bicarbonate to to adjust the pH to 7: 8. 


(c) In addition to the standard dilution method, manometric ods for 
determining B.O.D. are discussed in general terms (see p. Such 
are especially useful for trade effluents. 


“os __(d) Consideration was given to oxygen absorption, which, although tiene 

ured i in the 5-day B.O.D. test, may not be biological in character but rather a 

direct chemical oxidation, e.g., that of fine metallic particles or readily ae a 
_ inorganic compounds. If it is desired to differentiate between the true bio 
logical and chemical oxidation, this may be done by using chloroform as an 
inhibitor of biological action, and carrying out with 


and without the addition of chloroform. 
(e) Compounds that interfere with the of oxygen 
_ by the Winkler method also interfere with the B.O.D. test ; these include oxidising * 


¥ and. reducing compounds, which either liberate iodine from potassium iodide or 
- Cause liberated iodine, and some other compounds that have been reported to | 
c 


a - « Chromate—This liberates iodine from potassium iodide. Since the oxygen consumed 
in the B.O.D. test is a difference figure, Placak, Ruchhoft and Snapp’ consider that this 
should not introduce an error, particularly when the concentration of chromate is low. at iia? 
Gas liquor—Abbott and Fearn™ state that the dissolved oxygen in dilutions of sewage 
plus gas liquor cannot be determined by the Rideal - Stewart modification (see p. 695); the 
_ Miscellaneous substances—Heukelekian® states that the following substances, at the 


Gasoline ..1000 (slightly at 100) 
Phenol . 50 (slightly at 10) 
= *Potassium j 


686 Oe 
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ath Interference by sodium arsenite can be overcome by using the Rideal - Stewart modification. c 
ss Sulphur dioxide and sulphites—Tyler and Gunter* state that sulphur dioxide and — 
ie sulphites interfere in the unmodified Winkler determination, and that the hypochlorite ; 
ae does not overcome the interference. Re 
= 


(Oxygen absorbed from boiling acid potassium dichromate solution) 
—o dichromate in acid solution was first used by y Adeney and Dawson! , 
determine the chemical oxygen demand of polluted waters. The method has since - 
studied and improved by Abbott,* Ingols and Murray,” Moore, Kroner and 
. Ruchhoft?* and by and, since the introduction of the use of silver 
; _ sulphate, 82 the results obtained have been found to be very close to the theoretical - 
_ value for a large number of organic compounds. _ This finding was in marked contrast _ 
‘to those obtained by the traditional method in which potassium permanganate is 
The relevant Panel of the Joint Committee therefore considered the two ‘0 methods | —_ 
a detail. Some comparative tests were carried out during this investigation and ss 
the details and results are reported in a paper by Cameron and Moore. ee 
__ The dichromate-value test has other advantages besides yielding results that are 
often close to the theoretical value. One of these advantages is that a considerably = 
: shorter time is required to carry out a test—2 hours at the most—than is — 


_ for determining the permanganate value. Again, because the test is carried out at 
_ the boiling-point, errors caused by temperature differences do not arise and there is 
need for a controlled he used i is 4 more 


Finally, it should be noted that the in a of 
g of a procedure for determining the dichromate value is an entirely new 


feature in British practice. This is done in the belief, supported by the experimental 


work carried out, that the test is a of greater notice than it has hitherto received. L 


The dichromate is as the ‘number of milligrams of oxygen 


from standard dichromate per litre of sample. 


= oe (a) In the absence of chloride, for dichromate values down to ) 50 mg per litre. 
-_- (b) 'In the presence of chloride, the method is applicable when the number a : 
q milligrams of oxygen absorbed per litre (i.e., dichromate value) is than 


The method is generally applicable. However, chloride ion (if present i in 

*¥ wate: than four times the dichromate value) and certain nitrogenous organic 

* a substances (e.g., urea) interfere. Details are given at the end of the ‘‘Procedure”’ for 

_ determining the correction to be applied for the amount of nitrogen oxidised, and 
“this should be determined each time when accurate results are required. © Howev er, 

- for routine analyses of an effluent, a preliminary check need only be made to ascertain 

__ whether, and to what extent, the nitrogen has been oxidised : if the result 1 is — 


the method is without modification, 


Stlwer sulphate s solution—A 1-25 per cent. solution ina prc Vv sulphuric acid. 

Potassium dichromate solution,O1N. 
Ferrous sulphate solution, 0-1 N—Dissolve 27-8 g of pure salt, FeSO, .7H,O, 

Ae. in a mixture of 25 ml of sulphuric acid and 75 ml of distilled water, and dilute with ee 


distilled water to 1 litre. This solution must be standardised at intervals 
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F -1: 10 -phenanthroline indicator 695 g ferrous 
FeSO,.7H,0, in 100 ml of water, add 1- “485 g of 1: 10-phenanthro 
First determine the ‘chloride content of the effluent s sample in of 
nitrate (see “Determination of Chloride (Chlorion)”*), 
a ___ Transfer a suitable volume of the effluent sample (25 or 50 ml) to a 500-ml round- 
bottomed flask having a standard B24 ground neck, and add to it the volume of — 
0-1 N potassium dichromate solution equal to the volume of 0-1 N silver nitrate 
required to combine with the chloride in the same volume of sample; then add a 
further 25 ml of potassium dichromate solution. Add an amount of sulphuric acid — 
equal to the total (aqueous) volume multiplied by 1-2. Fit a suitable reflux condenser — 
to the flask. Mix the solution well and boil it under : reflux for at least } hour. At 
the end of this period, add 10 ml of silver sulphate solution and allow | the heating» 
under reflux to continue for a further 14 hours. (See Note 2.) 
_ Dilute the solution with a volume of distilled water equal to the ‘original (total) 
aqueous volume multiplied by 4:5. Titrate with the ferrous sulphate solution, 
using a ferrous -1:10- -phenanthroline indicator solution; let this titre be 7. eo 
Treat in the same manner a volume of distilled water equal to the volume of 


sample taken, but omitting that volume of potassium dichromate solution added 


te to deal with chloride; let thistitrebeT,, 


= From the titration difference (T, — 7. calculate the net volume of dichromate — 


4 


used by the oxidation and then calculate the dichromate value in terms of milligrams : 
of absorbed per litre of sample. _ - 
ml of 0-1 N potassium dichromate solution = 0-8 mg ofoxygen. 


Mop1rication INTERFERENCE bad NITROGENOUS ORGANIC SUBSTANCES— = 


A determination of the total unoxidised nitrogen is carried out on (a) the final - ~*~ 


solution obtained above after titration, (6) a fresh portion of the sample equal in he 
7 " volume to that originally taken and (c) the titrated blank. _ The difference between lia 
(a) and (6), after correction n for the blank, gives the loss of nitrogen incurred during — 


The loss of nitrogen may take place through more than one chemical route, but. ™ 
it appears that tervalent nitrogen is involved. Therefore—- 


_— Imlo of 0-1 N potassium dichromate solution = 0- 467 mg of of nitrogen. 


-—_ Brocedure—Evaporate to white fumes of ‘sulphuric acid the test and blank © 
_ solutions obtained after titration, and continue heating | until the solutions are clear & 
Proceed to the total unoxidised nitrogen in both solutions, as des-_ 
cribed under “Determination of Total Unoxidised Nitrogen.” + 
____In addition, determine directly the total unoxidised nitrogen in a fresh portion a? 
_ of the effluent sample equal in volume to that originally taken, 
Correction to be applied—For each 0-467 mg of nitrogen lost, deduct 0-8 n mg sof 
4 _ oxygen from the total amount of absorbed oxygen determined as above. saa herlages 
aE Notzs—1. Chloride, which is present in most trade effluents, introduces two sources of . 
In the first place, dichromate oxidises chloride to free chlorine and it is shown** 
il that this oxidation is neither complete nor consistent, although always of a hig 
Ne degree. A consistent correction cannot, therefore, be applied. It should be | 
pal appreciated that an assumption of 100 per cent. oxidation of chloride transfers an mg 
ei error to the concurrent oxidations and the magnitude of this transferred error _ 
“— on the relationship of chloride content to that of other oxidisable matter. a * 
In the second place, the chlorine wa te ge in the "ona oxidation oxidises 
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Simultaneously oxidised directly by dichromate and indirectly by the chlorine 

developed, the latter oxidation being the greater. There is some evidence that 
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Pale ge KG tervalent nitrogen is involved and the nitrogen correction is based on this assump- 
s vais tion: nevertheless, because of the simultaneous reactions taking place, the correction 


indirect oxidation, although depending on the presence of chloride, is 
ae ig _ independent of the chloride concentration; the chlorine is reduced to chloride in 


performing the oxidation, thereby generating a cyclic reaction so sc as | acalee 
genous matter responsive to this oxidation remains. 


2. Experience may show that for some effluents the second reflux time may a 
(Oxygen absorbed from acid potassium permanganate solution) 
“ea _ The concentration of the permanganate solution used is usually N/80, but for trade 


wastes a concentration of N/8 is sometimes used (see Note, p. 691). The standard J : 
_ time for the test is 4 hours, but for some purposes a supplementary 3- minute test is | 
made, and the relation between the 4-hour and the 3-minute tests may be a useful 
4 guide tothe typeof waste beinmgexamined. 
It is desirable to use the same amounts of permanganate and of acid in all tests, * 
the volume of sample being adjusted according to its estimated strength; also to 
P make up the total volume used in any test to a fixed volume with water, and to adjust © 
_ the volume of the sample so as to leave about one-half the permanganate unused. | : 
a In practice, reductions between 30 and 70 per cent. are admissible. _ The volume — 
_ recommended is 50 ml of N/80 potassium permanganate, _and the following figures — 


_ show the volumes of sample — necessary for a range of estimated permanganate — 


Permanganate value, mg ad 25 100 100 


Volume of sample, ml we 25 20 
When a small waitin é. sample i is indicated, it is advisable to add it as a Jarger_ 
Siete of a suitable dilution in order to ensure a representative distribution of 


Potassium permanganate solution, approximately -N/80—Dissolve 40g of 


‘potassium permanganate in 1 litre of distilled water in a covered beaker and heat the 
; ean to 90° to 95° C for 2 to 3 hours. Dilute to 10 litres with distilled water and 
; _ store in the dark for some days to oxidise organic matter and to allow precipitated 
_ manganese dioxide to settle. Siphon or decant the supernatant liquid without _ 
_ disturhing the sediment, or filter through glass-wool or acid-digested and washed - 


__ asbestos, or through a sintered-glass filter; the use of filter-paper is inadmissible. a 
: ‘This solution must be stored in the dark, or in dark-glass bottles, and away from — 
the risk of airborne dust or organic contamination. 
Potassium permanganate solution, approximately N /8—Dissolve 40g g of 
potassium permanganate in 750 ml of hot water and heat to 90° to 95° C for 2 to3 
~ hours. _ Cool and dilute to 1 litre, and store in the dark for some e days. - Decant the 
- supernatant liquid without disturbing the sediment or filter through glass-wool, 


_ = digested and washed asbestos, or through a sintered-glass filter. Store in the 


dark or in dark-glass bottles. 


” Pas in Potassium todide solution, 10 per cent. w/v—Dissolve 10 g of potassium iodide in 
we 100 ml of distilled water and store in a dark bottle. It is important that this s solution 
shall remain colourless during the whole period that itisinuse. 
Potassium iodate solution, N /40—Dry analytical-reagent potassium 

- jodate at 120° C, dissolve 0-892 g in distilled water and dilute to exactly llitre. This 
solution is stable for long periods if stored in a glass-stoppered bottle. ne rere 
ae ___ Sodium thiosulphate solution, approximately N/4—Dissolve 63 g of sodium ~ 

thiosulphate, Na,S3 O,.5H,O, in 1 litre of copper-free freshly boiled and cooled 4 


distilled water. — Stabilise the solution by the addition of 1 ml of chloroform or 10 mg “— 
2 of mercuric iodide and allow to stand for several days before use. i 
Sodium thiosulphate solution, approximately N /80—Dilute 50 ml of N/4 sodium 

3 a _ thiosulphate solution to 1 litre with copper-free freshly boiled and cooled distilled 


water, adding 1 ml of chloroform or 10 mg of mercuric iodide. — _ Although reasonably er 
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Mix 5 ml of iodide solution ont 10 10 ml of 


_ and add 20 ml of N/40 potassium iodate solution, in that order, in a glass- 

- stoppered flask. Add about 100 ml of distilled water. Titrate immediately - 
‘a with approximately N/80 sodium thiosulphate solution until the colour is pale 
_ yellow; add 2 or 3 drops of starch indicator solution and continue the titration 


ml of N’/80 sodium thiosulphate solution = 0-1 mg of oxygen. 
af 


Sulphuric acid, diluted (1 + 3)—Add gradually a and ‘cautiously 1 volume 
sulphuric acid, sp.gr. 1-84, to three volumes of distilled water, mix and cool. md 
 N/80 potassium permanganate solution until a permanent faint pink 
Starch indicator solution—Grind 1 g of soluble starch into a smooth paste with a 

little cold distilled water, and pour it into 1 litre of boiling distilled water with | 

_ constant stirring. Boil for 1 minute, and allow to cool before use. This solution 
_ Stabilised starch indicator solution can be made by grinding 10 mg of mercuric | 

‘ iodide with the starch before adding the cold water, and then proceeding as described | 
above: this solution can be used for some time after it is prepared. — aa ~ 

7 * 1g of Cyt mayS be added to the boiling water used for making the solution. 

Nore—As- an alternative to. starch solution, sodium starch. glycollate ‘solution, which is 

___- stable for many months, may be used. Between 1 and 2 ml of a 0-5 per cent. solution 

in cold distilled water may be added at the start of the titration, the approach to the _ 


a 5 end-point being shown by change from green to intense blue. At the end- -point, 


which is cheep, the solution becomes colourless. 


PROCEDURE FOR PERMANGANATE VALUE, BY 4-HOUR UR TEST— 
Measure into a 12-o0z glass-stoppered bottle 10 ml of diluted sulphuric acid and > 
50 ml of N/80 potassium permanganate solution. Select the volume of effluent — 
sample to be used, and subtract it from 100 ml; add this final volume of distilled . 
water to the acidified permanganate, raise the temperature of the solution to 27°C. 

and add the volume of sample chosen, also at 27° C, and mix by gentle rotation of the > 
bottle. Maintain the mixture at 27°C in a water bath or, after first raising the © 
_ temperature to 27° C, in an incubator for 4 hours, re-mixing after 1 hour if much ~ 
- After exactly 4 hours, add 5 ml of potassium iodide solution or approximately 
4 0-5 g of potassium iodide, mix, and titrate with N/80 sodium thiosulphate, adding a 
few drops of starch indicator solution near the end-point. Continue the titration _ 
until the blue colour disappears, and i ignore any blue colour that may return. 
Carry out a blank determination, — distilled water instead of the sample. 
o of O, for blank, ml — — vol. of N/80 Na,S,O, for test, , ml) x 100° 


V = 
Vol. of sam le taken 
te, 
"PROCEDURE F ‘PERMANGANATE VALUE BY 3-MINUTE 


the and the distilled water to 37° C before Measure 
the permanganate and the acid into the bottle to be used for the test, and measure the 
requisite volumes of sample and distilled water into a separate container. Add the i. 
‘sample and the distilled water to the reagents, and mix by rotation. Maintain at * 
27° C for exactly 3 minutes, add the potassium iodide as in the 4- hour test, titrate, 
calculate the permanganate verne Pas the same manner. 


by estimating the nitrite present and subtracting from the permanganate value a 
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1987) [RECOMMENDED METHODS FOR THE ANALYSIS OF TRADE EFFLUENTS 
figure equivalent to the nitrite nitrogen x 1-14. If the amount of nitrite present is 
‘significant, | the result should be returned as “‘permanganate value corrected for 
“nitrite.” "Iti is, however »preferable to destroy t the nitrite by t the following procedure— 


_ Acidify the sample and the blank; add 1 g of urea to > each and allow the 
previ to stand for 5 minutes. Then add the appropriate volume of potassium 

permanganate solution and continue as in the “Procedure.” 
a Presence of chromate—In the presence of acid and potassium iodide, chromates 


& are reduced and decrease the permanganate value. A preliminary titration may be - 

_ made with N /80 sodium thiosulphate after acid and potassium iodide solution have 
been added to a known volume of the sample, and the equivalent oxygen-absorption © 
value added to the ascertained permanganate value. 
“ee Presence of chloride—The use of phosphoric acid instead of sulphuric ; acid has 


been recommended in the presence of high concentrations of chloride. sal 

‘ ‘Norte: DETERMINATION OF THE PERMANGANATE VALUE BY USING N/8 POTASSIUM PERMAN- 


-When determining the permanganate value of trade wastes for calculation of the 
4 McGowan strength,** it is necessary to use N/8 potassium permanganate solution. There — 
_has, in the past, been some latitude in procedure, but the method in general has been in line — 
with the recommendations of the Royal Commission on Sewage Disposal,** i.e., 10 ml of 
ut N/8 potassium permanganate, 10 ml of 10 per cent. sulphuric acid and a volume of the — 
Both sample that leaves about one-half of the permanganate unabsorbed. The volume of — - 


generally used is 25 ml, or a smaller volume of sample made up to 25 ml; itis not customary _ 
to dilute to 100 ml, as in the 4-hour test. _ The volumes used in this test should be precisely | 


After permanganate value have been carried out, all hotties should 
immediately afterwards be washed with chromic acid, then with tap water — 


rd 


_ The methods to be described for the determination of dissolved oxygen in m water 
or ‘walle effluents are based on the procedure originally devised by Winkler.’ 39 a 
this method the precipitation of manganous hydroxide is brought about in a glass- 
¥ _ Stoppered bottle completely filled with the sample under test. Any oxygen present — 
; in solution then quickly combines with the manganous hy droxide to form higher — 
4 _ hydroxides, which, on subsequent acidification in the presence of iodide, liberate 


iodine in an amount chemically equivalent to the original dissolved-oxygen content 
of the sample. The iodine is th is s then determined by titration with a standard solution 7 


‘important when they are for oxygen 


~ Bottles—The bottle used — be of good Sw with a narrow neck a1 nies 
. well fitting ground-glass stopper, and should be of about 250 ml capacity. It isa 
_ great convenience if each bottle and its stopper is etched with a distinguishing 
eS number. The base of the stopper should be of such a shape that onii the bottle 
is completely filled with water the stopper can be firmly inserted without trapping 
_air bubbles. _ The bottles should be cleansed with chromic acid mixture (not soap = * : 
_ or synthetic-detergent solutions) and then washed out several times with clean water. Se = 


- iol The methods described here for the Determination of Dissolved Oxygen and of Biochemical 
‘Oxygen Demand up to (but excluding) ‘“Manometric Methods” (p. 705), but including ‘ ‘General 
i Observations” (on p. 706), have been taken by permission of the Controller, H.M. Stationery | 
i Office, from ‘Chemical Analysis as Applied to Sewage and Sewage Effluents,’’ Second Edition 
F (1956), published by H.M.S.O. for the Ministry of Housing and Local Government. Departures 
from the text of the Ministry’s methods (other than changes of a purely editorial nature made 
to ensure consistency with other methods in this series) are indicated by the use of sans- “serif type 
for reworded and new material, and by groupe of five dots (.....) for omission. — . 
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-RECOMMENDED METHODS Ft FOR THE ANALYSIS OF TRADE EFFLUENTS 
_ Sampling—The method of collecting the sample should involve the least possible 
7 @etuhanes of the liquid. _ This is best accomplished with the aid of a special sampling 
arrangement (see ““Sampling”’*), which ensures a several-fold of the 
liquid in the sampling bottles without agitation with air bubbles. 
__ _If the percentage saturation of the sample with oxygen is to be determined, the 
a temperature of the liquid at the moment of sampling and, if necessary, the baro- 
Sampling apparatus—The sample must be. colected causing any change 
4 in the concentration of dissolved oxygen. Sometimes the liquid can be siphoned 
through a glass or rubber tube into the sample bottle; the tube should deliver to the 
_ bottom of the bottle and the liquid should be allowed to flow until the contents of 
_ the bottle have been changed several times. 
‘The type of sampler in common use . is the displacement sampler, | 
eo of a yer container with a lead ring at the bottom, inside which 


_ the container. These tubes are closed by small bungs attached to cords made fast — 
s a line. While the sampler is being lowered to the desired depth, its weight 4 
_ taken by a spring, also attached to the line. When the desired depth is reached, 
_ the line is jerked, thereby removing the bungs. _ Water then flows through the 
og bottle until the container is full a and the bottle is therefore washed out several times = 
When this displacement sampler is to be used at only a shallow depth, it 
unnecessary to close the inlet and outlet tubes with bungs. ae ajar 
temperature of the water should | always be recorded the 
It is important to fix the dissolved oxygen in a /a sample immediately it is taken, - 
a _ ae changes in the concentration of dissolved oxygen may occur rapidly both “at 
the sample is sub-saturated and when it is super-saturated. 
bri _ Inthe manipulations to be described in the ensuing sections, it is extremely unwise 4 
to suck the required amounts of reagents into pipettes, especially the alkaline iodide 
and. sulphuric acid reagents. Dipping pipettes or pipettes fitted with efor 


7 j balls or teats, should be used, and these will be found of of very great | convenience for 


| wo 
The Winkler method of determining dissolved is only to 


tes pure water. Many substances can interfere with the determination, and 
suitable modifications must be adopted to attain a reasonably accurate result. ” The 
_ commonest interfering substances are nitrites, ferrous salts, organic matter, sulphites, | 
residual chlorine and suspended solids, and very considerable errors” can be ‘intro- 
duced in the determination if special precautions are not taken. +A, 
__ The two principal modifications of the original Winkler method are— “2 


eh (a ) The Alsterberg® or sodium azide procedure; this prevents interference by > 
nitrite, but not by easily oxidised organic substances or sub- 
stances (¢.g., ferrous iron, if more than | mg per litre is present). = 
The Rideal - Stewart*! or permanganate modification; this Prevents 
by nitrite, by ferrous iron and by matter. 


MnSO,.4H,0, in distilled water, filter if necessary and dilute to 1 litre. 
salt used should be free from ferric and manganic salts, i.e., no iodine should be 
"liberated when a of salt is added to acidified potassium iodide solution. 


See Analyst 1956, 81, 492, or No. 3. 
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HODS 
| Alkaline iodide solution—Prepare a jon containing 500 g of hydroxide 
(or 700 g of potassium hydroxide) and 150 g of potassium iodide (or 140 g of sodium _ 
- jodide) per litre. The alkali solution should be virtually free from carbonate, and a 
the following method of preparation may be used. Dissolve the required weight of rr 
_ pure sodium hydroxide in its own weight of distilled water. When cool, transfer _ 
te the solution to a bottle preferably coated internally with paraffin wax, close with = - 
_ Tubber stopper, and allow to stand quiescent for some days, during which | any 
_ carbonate present sinks to the bottom. Decant the clear supernatant liquid. Now 
add the required quantity of potassium iodide dissolved in a small quantity of cold 
freshly boiled distilled water; dilute the mixture to the peel concentration with — 
cold freshly boiled distilled water and mix. has —y 


todate solution, N x/40—See | 689. 
Sodium thiosulphate solution, approximately N /4—Stock ‘see 689. 

be Sodium thiosulphate solution, approximately N solution, see 689. 

The following procedures apply to sample of 250 

Ifa different size is used, the amounts of reagents must be adjusted accordingly. _ 

of as described, add 1 ml of manganous 


of pipettes may be cut off so that they empty reasonably for 

_ the stopper carefully so as to avoid inclusion of air bubbles, and thoroughly m mix the 
contents by inverting and rotating the bottle several times. 
_- The precipitate flocculates and settles fairly rapidly, but after the first mixing 
it will rarely be found that the top liquid is clear. A second period of — 
and rotating is necessary, both to clarify the — and to ensure that all the dissolved _ 


__ The precipitate is white if the sample was devoid of oxygen at the time of _—_ 
sia, toa becomes increasingly brown with rising oxygen content of the sample. _ 
In the absence of organic matter the determination of the dissolved oxygen by 
acidification and titration may be postponed at this stage, provided that the bottles 
_ are kept in the dark. This is particularly convenient when the sampling for dissolv red 
oxygen forms part of a surv ey in the field: the labelled bottles can be stored until the 
- return to the laboratory. It is, of course, vital that air be excluded from the bottle 
during the period between precipitation and acidification ; this should be assured if 


bottles with well fitting stoppers are us used, but even then ‘the period should not exceed - 
_ Now add by pipette 1-5 ml of sulphuric acid, sp.gr. 1-84, re-stopper and well — 


“mix the contents by rotation. Some analysts prefer to acidify with 3 ml of 50 per 
cent. sulphuric acid, in order to avoid manipulations with the concentrated acid. 
= solution of the precipitate is not rapid, allow sufficient time for this to take © 


place. If necessary, continue to agitate by rotation until the precipitate dissolves __ 
‘Transfer by pipette into a conical flask a suitable volume (say 100 ml from a 
ae 250-ml bottle) of the solution and immediately titrate the iodine with N/80 sodium > 
thiosulphate solution, using as indicator 2 ml of starch indicator solution, which 
o should be added towards the end of the titration. For very precise work an = 
- amperometric method may be used to detect the end-point in the titration of iodine 
_ with thiosulphate. - Whichever method is used, however, it must be remembered } 
that iodine is volatile and therefore the titration of its solution must be carried out : 


as and with ead to the air. 
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82 
_ There are two slig ght sources of error in this simplified sitar way — One is 
“3 due to the volume of sample displaced from the bottle by the reagents, added, 
usually 3-5 ml for the 250-ml bottle. If great accuracy is required, the volume — 
ss of the added reagents can be deducted from the volume of the bottle in making — 
the calculation. The other source of error is that due to the presence of dissolved 
in the added reagents. This, however, has been determined*-** and is 
so small that it is negligible in the examination of trade effluents, although it may 
have to be taken | into account in, _ for example, the examination of boiler-feed | 


PRESENCE OF CERTAIN ‘TYPES OF ORGANIC MATTER— 


Bones If the sample c contains organic ‘matter that is capable of direct oxidation by 
= oxygen at pH values of about 12 , corresponding to the degree of alkalinity 4 
_ produced when the alkaline iodide solution is added to a sample, then the sample 
“should be acidified immediately the manganese hydroxide precipitate has settled 
4 sufficiently to give a layer of clear liquid near the top of the bottle. This procedure 
_ will give reliable results in the presence of organic matter corresponding to 1000 mg | 
of dextrose or peptone per litre. If, say, about 5000 mg of such organic materials — 
are present per litre, the samples should be acidified immediately after agitation, — 

without waiting for the precipitate to settle.** As a guide to the time required — 
for agitation, it may be mentioned that with 1 ml of manganous sulphate solution — 
- the time required for complete fixation of oxygen is 40 to 50 seconds; with double : 


ALSTERBERG OR SODIUM AZIDE MODIFICATION 


than a trace of nitrite is present in a sample of it is 
_ possible to obtain a satisfactory end-point to the iodine - thiosu}phate titration, since q 
nitrite in acid solution catalyses the liberation of iodine from iodide by dissolved 
oxygen. _ Hence the Winkler method is not directly applicable to waters containing — 
nitrite. When nitrite, or ferrous iron at a concentration of less than 1 mg per litre, 
are the only interfering substances present, the Alsterberg modification is recom- 
_ mended for the determination of dissolved oxygen. . In biochemical oxygen demand ~ 
iy be formed during the incubation period. 
They may generally be expected i in the effluents from biological oxidation processes. _ 
= _ Since nitrite is probably the most frequently encountered interfering substance, __ 
_ it is of great convenience for routine work if the reagent to eliminate it—sodium © 
azide—is added in combination with the alkaline iodide solution. If nitrite is — 
absent, the addition of azide isno disadvantage. 
a the sample contains ferric salts, these may cause an error by interaction with — 
the iodide. This can be avoided by carrying out the final acidification with 4ml _ 
of 85 per cent. phosphoric acid. 
__- The actual removal of nitrite takes place only after the acidification — 4.6... 


HINO, + 
azide and its decomposition products are indifferent to mild oxidising 
It is essential that mineral acid be present, for in neutral or acetic acid solution the — 


+ I, = 2Nal + 


“4 tage Carry out the determination in exactly the same way as as described for the ye Winkler 


‘method, but replace the alkaline iodide reagent by a solution containing 500 g of 
sodium hydtoxide, 150 g of potassium iodide and 10g of sodium azide per litre. er 


Prepare the sodium hydroxide as previously described Dissolve the potassium 
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iodide and sodium azide separately in small amounts of distilled water. the 
iodide solution to the sodium hydroxide solution and dilute to about 950 al. - When © 


is s present it in a star the kapoor, treatment known as ‘the Rideal - Stewart or 
permanganate modification should be followed. This treatment also’ removes 
; nitrites. It should be noted that 1 mg of ferrous iron per litre causes the dissolved — 
- oxygen value to be 0-14 mg per litre too ) low if the unmodified Winkler method is used. 
Whereas ferrous salts, should their removal be neglected, will cause an apparent 
loss of dissolved oxygen, ferric salts may cause an unduly high result to be obtained, 
owing to release of iodine from 1 iodides in in beans final acidification stage, especially on be 
When samples contain drainage from mines, acid stream water or other waters _ 
that might contain considerable amounts of ferrous and ferric salts, the permanganate ia 
_ modification together | with the potassium fluoride treatment should be followed. __ 
The Rideal - Stewart modification is inappropriate for samples of sulphite 
wastes..... , or for samples containing heavy suspensions of mud or activated — 
Badge, and should therefore not be used in these cases. 
(for the Rideal - Stewart preliminary treatment) — 
Potassium "permanganate solution, "approximately N /8— Dissolve (3-95 of 
potassium permanganate in | litre of distilled water. 
Potassium oxalate solutton—Dissolve 2g of potassium oxalate, (COOK). H,0, 
in 100 ml of distilled water. | ore 


sufficient potassium permanganate solution so that, after being well mixed, the liquid 
retains a definite red-violet tinge for 20 minutes. Ww ith unknown samples, the correct 
amount may have to be ascertained by trial beforehand with another portion of 
sample, or by adding 1 ml of potassium permanganate solution to the bottle and | 
_ observing its reaction. If noticeable fading takes place, another 1 ml must be added. 
If more than 2 ml are required, then a stronger solution should be used. With normal 
After the 20-minute oxidation period has elapsed, remove the excess of per- 
7 manganate by reaction with oxalate, using not more than the minimum amount of 
oxalate, since excess leads to results that are lower than the true value. _ Add 0-5 ml 
_ of potassium oxalate solution first, and if the permanganate colour persists after 5 to 
10 minutes, add another 0-5 ml, leaving the bottles until complete decolorisation 
has taken place, otherwise the traces of — compounds remaining will react 


“Add exactly 0-7 ml of sulphuric acid, sp.gr. 84, to the follow with 
a 


has been out* that if iron salts greater in amount 1 mg per litre 
are present, then the decolorisation should be allowed to proceed in the dark, because, 
in the presence of oxalates, light easily reduces ferric salts to the ferrous condition. a F- 
When the contents of the bottle are completely decolorised, add 1 ml of : 
manganous sulphate solution, followed by 3 ml of alkaline iodide solution (see pp. 692 _ a 
and 693). Well mix the contents of the bottle by inversion and rotation, and proceed © 
as described for the Winkler method. The small error in the calculation given for PB 
a the Winkler test (due to the displacement of sample by reagents) willbe greater in 
the present case, but can, if desired, be allowed for by the correction given at the 
“top of p. 694. The error due to dissolved _—- present in the added reagents © 
ef ‘When the iron | content of the-sample is greater than about 10 mg per litre, 
between ferric salts and iodide may introduce an error. This may be 
_ avoided by c out the final acidification with 4 ml 85 cent. 
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2 ml of a 40 p per r cent. can added 
the sample at any stage before final acidification. 


has been stated that, when the interfering substances present include poly- 
thionates, thiosulphates or sulphites, permanganate treatment is inadvisable, as it __ 
: ys cannot be relied upon to transform these compounds completely into sulphates, and 4 
unless this is done, substances will still be present that will interfere with the Winkler 
a procedure. A method of dealing with such samples by preliminary oxidation with 
_ alkaline hypochlorite, and subsequent removal of excess of chlorine by means of | 
_ sulphurous acid, has been suggested.” The latter part of this treatment is specified — 
_ for samples containing residual chlorine, which of course must be removed before : 
Probably in any case of this sort, however, research would be necessary ae 
a establish the validity of the method, with use of, for example, the gasometric method © 


ated The suspended matter of trade effluents, sludge or river mud, when present bs 
in amounts sufficient to give an apparent immediate oxygen demand, prevents the - _ 
_ Winkler procedure from giving a true result. In such cases the following preliminary i 
_ treatment is necessary. Collect a sample of about 1 litre in a glass-stoppered bottle, L 
with the usual precautions against aeration. Add 10 ml of a 10 per cent. solution © 
of aluminium potassium sulphate, and follow with 1 to 2 ml of ammonium hydroxide, a 
sp.gr. 0-880. Re-stopper the bottle and rotate it for about 1 minute. After the _ 
floc has settled for about 10 minutes, siphon the clear supernatant liquid into the | 
reaction bottle, taking the usual precautions to ensure at least two displacements 
of liquid, and follow the appropriate modification of the Winkler r procedure. 


Ya it is desired to determine the dissolved oxygen present in a liquid containing ~ | 
large amounts of easily oxidisable organic matter, as, for example, that flowing from a 
the aeration tanks and channels of an activated-sludge plant or a bio-aeration plant, 
the direct procedure cannot be employed, because the suspended matter rapidly a 
removes oxygen from solution as it settles. _ The bottles in which the sample is 4 

"] re must therefore contain some inhibiting reagent that stops de- -oxygenation at 
the moment of sampling. Ruchhoft and Placak® propose an inhibiting reagent of 3 
-sulphamic acid, copper sulphate and acetic acid, prepared as follows. Dissolve 32 g_ 

_ of sulphamic acid in 475 ml of distilled water and add a solution of 50 g of copper 
= CuSO,.5H,O, in 500 ml of distilled water and 25 ml of glacial acetic acid. “Ss 
Heat should not be used to dissolve the sulphamic é acid, nor should the mixed d reagent a 

For each 100 ml of sample to be taken, measure 1 ml of this reagent into the 
sampling bottle, then fill the bottle to overflowing and insert the stopper. | Sheena 
"mix the contents, allow settlement of sludge to take place, and then siphon the top 
liquid into a dissolved-oxygen bottle. Then use the sodium azide modification — 


ml of gas 0° C and 760 mm per of 
‘Representing milligrams per litre of dissolved oxygen must be multiplied by | 0-70. 


sample. For this, reference must be made to the Table of solubility data (Table II), i 
_ which sets out the solubility of oxygen in fresh water, in mixtures of fresh water and 
sea water, and in sea water of stated degrees of salinity at various temperatures when - ce 
in in equilibrium with air containing 20-9 per cent. of oxygen under a pressure of 760 mm 
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az iin Ci is wae solubility at a salinity S (g of total salts per 1000 g of saline water) 
at 


__ Oxygen is less soluble in salt water than in fresh ities: and when it is desired — 
4 to calculate the percentage saturation of oxygen in a sample of saline liquid, for — 
example, the salinity of the sample must be known. 
_ The solubility of oxygen in water Neal been investigated by the the . Water Pol Pollution 
--Research Laboratory, who have obtained figures up to 4 per cent. _ lower than 


accepted values. ‘Their results are related by the empirical equation— 
14- 161 - - 3943T 0- ‘0077147? - — 00006467° ds 


7 ar C, is the saturation concentration of oxygen in mg per litre at temperature ¥ 
te " The formula applies to water in ee with air at a ots of 760 mm 
_and containing 20-9 per cent. of oxygen 


cane 
oxygen in water subtracted for each 
in equilibrium degree of salinity, 
with air at of total salts 


760 mm, per 1000g 
mg per saline water 
0-08153. 
0-07671 


= 
- 


Ji and the 


(0- 0-0000374 


solubility at a given temperature varies lineally with the 
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4 
Table of ‘solubility data. (Table an “has been calculated from the above 
equations and is recommended for general use. The first column gives the tempera- __ 
ture, the second the solubility in water containing no salts and the third a correction _ 
_ factor, to be subtracted from the solubility, to obtain the figure appropriate to water q 
salinity lg per 1000g. For other salinities a pr oportionate correction 
exact correction for salinity can only be for solutions 
J _ inorganic salts of the same composition and in. the same relative concentrations _ 
_ as are found in sea water, since the solubility of oxygen in solutions containing — 
other salts, or the same salts in different proportional concentrations, has not been 
determined. In cases when the correction does apply, for example to estuary 


_ waters, the salinity is determined by the standard international method. = 
(OF ORDINARY VARIATIONS IN BAROMETRIC PRESSURE ON CONCENTRATION 


2 = i aft the barometric pressure at the time of sampling is not 760 mm, then the 


saturation values at the actual pressure v will vill vary ees sae those given in — a xd 
according to the  formula—_ at 


s= 


where. S, is the solubility. at pressure P,, S is solubility a at 760 m mm, and P, is 

Most ordinary | observations of barometric pressure at sea level in the British _ 

Isles fall within the : range of 760° “4 20: mm. The following Table shows the variation _ 


er Concentration of Assumed variation Variation in 

The total variation e., twice the from the po 


a in accurate measurements and might be se enough to have an influence | 
7 _ EFFECT OF HEIGHT AB ABOVE SEA LEVEL ON ON CONCENTRATION OF DISSOLVED OXYGEN— i 
 _If the temperature of the atmosphere at different heights above sea level be taken i 
a as constant, it can be shown that for a gas that obeys Boyle’s law the relation between 
_ the altitude, A, and the barometric height, H, in relation to the barometric ic height, Ho, . 

wast — measurements of A in aut, parse to the base 10 and a a Seidel of 
0°C, K = 60,370. followi table gives some values calculated from this 


_ EFFECT OF ALTITUDE ON BAROMETRIC PRESSURE 
Altitude, feet 10, 000 164 404 5000 m metres) 
Since the temperature re of the : atmosphere i is not in fact constant at all altitudes, 
a the above relationship is not exactly obeyed. In one particular year, however, _ 
_the observed mean barometric pressure at an altitude over the British Isles of 5000 a a) 
-metres was reported as 403 mm, compared with the calculated 408 mm, ae ; 
_ that deviations up to that height were not large, 
the British Isles it may be assumed that few ..... works or polluted rivers 
7 4 are at a height above sea level of more than 1000 feet, and the taking of this and — 
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od by t up to 6 per cent _ or in increase them by 1 up to3 per cent. Only one would this 
make an important difference to thé value of percentage saturation. It might, | Sa 
however, be worth while introducing a permanent correction fo for height for regular 

‘ sampling points more than 500 feet above sea levelh 

At heights greater t than feet. a correction becomes essential. 
i 


4 polluting organic ‘matter is discharged into a watercourse or lake, a 
natural purifying action tends to set in, owing to the action of certain micro- -organisms, _ 
which utilise veggie oxygen dissolved in the water to oxidise the polluting sub- 
stances. The length of time required for complete purification depends upon many 

ditions, including temperature and the nature of the organic matter. 
- _ The Royal Commission on Sewage Disposal, with which the names of Adeney, | 


Letts, McGowan and Frye are widely associated, proposed that the weight of dis- 
solved oxygen required by a definite volume of liquid for the process of Wochemical . 
oxidation during 5 days at 65° F be taken as a measure of the quality of the liquid. 
7 This test was first known as the “Dissolved Oxygen Absorption Test” or the “Royal 
Commission Test”’; of late years “Biochemical Oxygen Demand” has superseded the 
early names, and now the abbreviation * “B.O. D.” has become almost universal. 
: “The “Dilution Method” of “determining B.O. D. is the one most generally 
a used and the details of this, as specified in the Ministry of Housing and Local 
Government’ s booklet on Methods of Chemical Analysis as Applied to Sewage 
and Sewage Effluents, are quoted in the following paragraphs. Another procedure 
is the ‘““Manometric Method,” ’ which has, up to the present, been used mainly for 
research, but which has many advantages and may well prove to be useful for works | 
control. A following section deals with the general principles of this test, but 


for working details of the procedure to be adopted readers are referred to the | 
“original: literature ¢ on 1 the e subject, for which re! references are given, 


of the test is simple. The dissolved-oxygen content of 
_ with or without dilution, is determined before and after incubation for 5 days at the 
_ standard temperature, the difference giving the oxygen demand of the sample, allow- — 
ance being made for the dilution, if any, that the sample received. = 


__In practice, several points must be watched carefully in order to obtain con- — 
Preservatives must not be added to. samples intended for the determination of 
= oxygen demand. So far as is possible the B.O.D. test should be a 
_ proceeded with directly the sample i is available; if kept at ordinary room temperature 
for several hours, a very appreciable change may occur in the B.O.D., depending 
on the character of the sample. In some instances it may decrease and in others 
it may increase. _ The decrease at room temperature has in a few cases bom & found 
— tol be as much as 40 per cent. . during the first 8 hours of storage. _ eT 
> samples cannot be dealt with at once for the aekersieaation n of B.O.D., they. 
should wherever practicable be stored at about 5°C. In the case of a composite. 
sample representing a 24-hour (or other long-period) flow it is desirable to keep all 7 
by the individual hourly samples at about 5° C until the composite sample can be made | 
It is necessary that excess of dissolved oxygen be present during th the whole 
period of incubation and desirable that at least 30 per cent. of the saturation value | 
ap remains after 5 days. Since only about 9 mg of dissolved oxygen per litre can be 
_ present in a saturated water at the temperature of incubation, it follows that samples — 
_ that absorb more than about 5 mg per litre during incubation for 5 days require — 
more oxygen than they can themselves dissolve. . This is the case with 
waste liquids and polluted river waters. _ The additional oxygen is supplied a 
by diluting the sample with clean well aerated water, the amount of dilution 
upon the nature of the sampl 
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‘There has been much controversy about nature the water t used for 
_ dilution, and the subject has been investigated at length. The logical diluent for an — 
..... effluent would appear to be the river water into which it is discharged, but this _ 
- method could be adopted only in special cases, and obviously breaks down when ~ 
effluents from widely differing localities are dealt with in one laboratory. _ Moreover, 
the river water may itself have a considerable oxygen Dri 
___ Distilled water alone is unsatisfactory. In this country many laboratories — 
a. have used tap water that has been well aerated and stored for some time at the 
: 7 incubator temperature. As tap waters differ very much in their content of inorganic 
_ salts, and as most of them are now chlorinated, it is recommended that a synthetic — 
_ dilution water be employed, particularly for determinations the results of which 
_ might be required as evidence in a court of law. For less vital determinations a well © 
= aerated and stored tap water could continue to be employed, preferably after it has — 
been established that the results were generally comparable - with those orn with 
_the synthetic dilution water now to be described. 
_ The synthetic dilution water recommended® is prepared by small 
q quantities of four solutions to good quality distilled water. The latter should be 
prepared from stills of block tin, hard-glass or cast iron with a condenser of hard- 
glass, stainless steel, block tin or other suitable material. Copper stills or con- 
_ densers should not be used, for the water must contain less than 0-01 mg of copper , 
_ per litre, which otherwise would exert an inhibitory action on the biochemical _ 
_ processes. _ The distilled water is aerated at the temperature « of incubation to remove _ 
excess of carbon dioxide and to saturate the water with air. Water approximating | 
- to distilled water in composition may now be cheaply prepared by ion-exchange 
methods, but little experience is yet available in this country on the s suitability of 
_ such water as a diluent in the B.O.D. test, and more work on the subject is a 
_ desirable. _ In its absence the general use of such \ water cannot be recommended: 
it has been stated that it can prove unsuitable. _ 


Ferric chloride ‘solution—Dissolve 0-25 of ferric chloride, FeCl. 6H in 


if the is used) in 1 litre of distilled water. 


M agnesium sulphate solution—Dissolve 10-0 of 


7H,O, in 1 litre of distilled water. 


~' hosphate buffer stock solution—Dissolve 34 
a phosphate in 500 ml of distilled water. Add 175 ml of N sodium hydroxide. _ 
This should give a solution of pH7 7-2. _ Add 1-5 g of ammonium 


er is prep 

“ane in a vessel prev nex io pe cleaned with chromic acid mixture and well washed. 

To each litre of distilled water are added 0-5 ml of ferric chloride solution, 2-5 ml of 
calcium chloride solution, 2-5 ml of magnesium sulphate solution and 1-25 ml of 
te buffer stock solution. _ The water should then be well aerated, stored at 

the incubation temperature and used as soon cs possible. Any remaining unused 
after 1 week should be discarded and the bottle cleaned with chromic acid mixture © 


_and well washed. Stocks of dilution water should never up” with fresh 


whee observed that, if ie ns over a long pear nitrification takes place | and, it 
_ the water is then used for the B.O.D. test, an inaccurate value is wr er ee 


: "standard conditions, it should not absorb more than 0-2 mg of oxygen per litre. 
Cases have, however, occurred when substantially higher figures have been 
- for no apparent reason. It is desirable, therefore, to use as little dilution water as 
consistent with (a) at least | 30 of the oxygen 
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at the end of the test and (b) the actual dilution being below the bacteriostatic — 


level. With Tiver waters, it ane not always: be necessary to use dilution ee a 


It is recommended that narrow-mouthed glass-stoppered bottles of a nominal 
4 capacity of 250 ml be used for the determination of B.O.D., as for the determination 
of dissolved create and that they be cleaned in the same way with chromic acid 
Some analysts, mame those who have to deal regularly with a very large _ 
‘ennai of samples, prefer to use bottles of about 125 ml capacity, thus reducing the — 
incubator space required. There is reason to believe, however, that with some types — 
of samples the size of bottles (i.e., the ratio of the glass surface to the volume of liquid) -_ 
_ may have some influence on the result obtained. _ The analyst wishing to use small 
_ bottles must therefore satisfy himself that such procedure gives the same results 
Ee as with the use of standard-size bottles. In all determinations in a with 


conform with international practice, it i is recommended that the 
_ of incubation for the B.O.D. test be 20°C. A water bath, or water-cooled incubator, a. 
or constant-temperature room, thermostatically controlled, is usually employed for 


carrying out the test. The limit of error of the ——— should be + 0:5°C. © 
aay The period of incubation in the standard test is 5 days, which means 120 + a 
__In special. cases, or for research work, other periods of incubation are sometimes 
selected, usually 1, 2, 10 and 20 days, but 5 days’ incubation is ee taken for the 
_ Incubation should be carried-out in the dark. Some waters may contain green — 
q plants, which, if incubated in the light, would give off oxygen by photosynthesis and 
nf thus interfere with the B.O.D. determination. - The polluting effect of an effluent 
on a stream may, of course, be considerably altered by the photosynthesis of — 
plants present, but it is quite impossible to a this effect quantitatively in 
ei Unless the pH value « of the sample is is within the range 6- 5 to 8-2, add “idliies 


5 


with fresh micro-organisms before incubation. is recommended, and it 
is often convenient and satisfactory, to use as an inoculum a fresh sewage effluent 
of good quality obtained from a settling tank, after an aerobic biological process — 
_ of purification. _ If this is done, to each litre of dilution water add 5 ml of the 
| Sewage effluent. If necessary, the effluent should be settled in a cylinder (not 
= until the supernatant liquid contains less than 30 mg of a solids: ; 


_ The question of the uniform seeding of sterile discharges before incubation: is 
~ not such a simple matter as might appear, for different sewage effluents may contain | 
_ different bacterial flora, and even the same effluent may vary from hour to hour > 
and from day to day, and, for some trade wastes, sewage effluent might not be 
suitable as an inoculum until it has been suitably conditioned. 
When the B.O.D. value found by the standard test, with sewage effluent as 
Cae inoculum, is substantially less than about two-thirds of the chemical a 
demand from dichromate, an anomalous behaviour must be suspected. _ This may 
arise “from one of three causes (i) the sample may contain. 
- molecular structures resistant to biological breakdown, (i i) the constituents of 
thew waste be amenable to oxidation, but the organisms present in inoculum 
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Compounds constitutionally resistant to breakdown are not potentially 
polluting when the oxygen depletion of the receiving waters is the sole criterion. _ 
Substances amenable to given suitable conditions will, however, 
to the pollution load, for organisms will probably be 
_in the receiving stream capable of effecting their destruction, = et 
There is no completely satisfactory method of preparing an active inoculum 
for test purposes. Sewage organisms can, however, often be suitably conditioned 
by aerating mixtures of settled sewage and waste liquor for periods of | to 7 days. 
_ Air should be supplied through a sintered-glass diffuser. It may be necessary to 
__use initially a diluted sample of liquor, the concentration being i increased stepwise - 
_ _ The need for a conditioned seed may be found by determining B.O.D. values 
periods longer than 5 days. Frequently a conditioned seed develops during 
_ the first few days of incubation with a consequent rise in the rate of oxygen depletion — 
towards the end of the 5-day period. Care should, however, be exercised in- 
| differentiating between this increase in rate and that normally resulting from the 
a _ Many trade effluents contain constituents that repress biological oxidation in 
- concentrations higher than well defined threshold values. When this limiting — 
concentration is lower than that prevailing in the B.O.D. test bottle, the sample — 
= be diluted until a a maximum value for the B.O.D. on an ‘undiluted basis is a a 
‘The advantageous use of the manometric technique for the study of inoculum _ 
activity and inhibiting action is described later under “Manometric Methods.” 
»ai possible that some samples may be supersaturated with dissolved oxygen, 
- si especially waters in which algal growths are flourishing. Such samples should be 
1 staal a - well shaken in a partly filled bottle, or suction may be applied to remove excess of 
gas, if the liquid is to be incubated without dilution. If the > sample i is to be — 
then this may be done with partly de-aerated water, 
__- Unless the B.O.D. of the sample is already known approximately, the required — 
degree of dilution will not be known and more than one dilution will have to be set — 
up. A useful guide to the strength of the sample may be obtained by first deter- _ 
mining the chemical oxygen demand, either by the 4-hour permanganate test <a 
better, by the dichromate method. “If the general nature of the trade waste is 
known, an approximate estimate of the order of magnitude of the ratio of bio- _ 
chemical oxygen demand to chemical oxygen demand may be made, and hence 
a very rough estimate of the expected B.O.D. If the expected B.O.D. is D mg 
per litre, then | volume of sample would require about D/5 volumes of dilution | 
‘water and, when an unknown sample is being examined, this dilution would be 
Set up, with at least one higher and.one lower dilution, ts 
_ Mix the sample and dilution water (containing when necessary the inoculum of , 
io effluent) in a graduated cylinder or other suitable vessel. Thorough mixing © 
may be accomplished with the aid of a plunge type of rod without entraining air in 
the mixture. Violent shaking should be avoided. = | 
_ For each dilution of the sample, carefully pour the mixture into bottles, one for 
the initial determination of dissolved oxygen, and one (or two if a duplicate is desired) — 
for incubation, avoiding the entrainment of air. At the same time fill two bottles 
~ completely with dilution water, containing, if necessary, an inoculum of sewage 
effluent. Leave the bottles for 2 to 3 minutes, when, by tapping the neck with a | 
4 stopper, the few minute bubbles which sometimes form during filling can be dis- 
placed. Then firmly insert the stoppers; 
ma) Determine immediately the initial concentration of dissolved oxygen in one <m 
oo. of the mixture ‘of sample and dilution water, and in one of the bottles con- | 
taining only dilution water, using, in both cases, the Alsterberg method (see p. 694) 
Or, the Rideal - Stewart modification p. Place the other bottles 
t 


702 RECOMMENDED METHODS FOR THE ANALYSIS OF TRADE EFFLUENTS  ([Vol. 82 Oct 
q 
= 
q 
— q 
| 4 
— 
=A 
‘ 
| 


C for 5 ‘determine the dissolved oxygen diluted samples 
; ¢ 


100 ml mixture x and y ml of N/80 sodium thiosulphate before and 
‘afte incubation, respectively, if the dilution water itself shows no consumption of 
dissolved oxygen and if a volumes of dilution water were used to one volume of ‘0 
Tf ‘the ilution water consumes oxygen in ‘the 5 days equivalent to z ml of N /80 a 
ad 100 ml of the water, then the formula becomes— 
)( + 1) mg per litre 

The initial dissolved- -oxygen content of the mixture to be incubated may also c 

. be calculated from the separate dissolved- oxygen contents of the sample and of the 
_ dilution water. This method is appropriate for samples having an aren = 

_° It is sometimes convenient to carry out the dilution of samples for B.O.D. 
_ determination by adding appropriate volumes of sample directly to bottles of know: n 
capacity that already contain sufficient dilution water so that together with the 

_ sample the liquid reaches the top of the neck of the bottle. The sample is added 

_ carefully by means of a pipette well below the surface of the water, the bottle is 

_ stoppered and the contents thoroughly mixed. Another bottle is completely filled — 
_ with the dilution water at the same time, so that the dissolved oxygen at the start of 

_ the test may be calculated. The bottle containing the diluted sample is incubated 

as before, and the dissolved oxygen is determined after the 5-day period. This — 

# method is particularly useful for determining the B.O.D. of samples that have an 
immediate demand for dissolved oxygen. Such a demand is not included in the 
ordinary method, in which the initial dissolved oxygen content is found after the © 
sample has been diluted in a cylinder and then poured into bottles. ™ ad wat ied ww 
oe this case calculation is a little more difficult and an example is given. 

Ss A 2-5-ml portion of sample was added at the bottom of a 260-ml bottle filled 
with dilution water. After 5 days at 20° C, 100 ml required 4-1 ml of N/80 sodium 

-_thiosulphate; 100 ml of the dilution water used required 8-9 ml of N/80 sodium 
-thiosulphate before incubation and 8-8 ml after incubation, 
Since 260 ml of mixture contained 2-5 ml of sample, 100 ml of mixture con- 
tained 99-0 ml of dilution water, which had an initial dissolved-oxygen equivalent — 
to 8-9 x 0-99 = 8-81 ml of N/80 sodium thiosulphate. The oxygen demand of 
this volume of dilution water was equivalent to 0-1 ml of N/80 sodium thiosulphate — 
a and hence the initial dissolved-oxygen content of 100 ml of mixture may be e regarded — 
equivalent to 8-7 ml of N/80 sodium thiosulphate. le: len 
The oxygen consumed by the sample in 100 ml was equivalent to 8 
6 ml of N/80 sodium thiosulphate. 
Therefore, B. 0. D. of sample, mg per = 6 dilution 


the dilution is small, an appreciable error may be introduced if it is 

a assumed, as in the above example, that the sample | contains no dissolved oxygen. 
The method has its chief value, however, when large dilutions are required, in which 
; ; cases the sample itself is unlikely to contain much oxygen, and when there is an 
immediate oxygen demand, in which case the sample is unlikely to contain any 
Dilutions sensibly greater than 1 in 100, such as “may be needed for. 
some trade wastes, made the first in 1 a calibrated 
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incubation bottles containing the final dilution water. 
_ Coarse suspended matter in some trade effluents may cause difficulty, since 
_ the distribution of the solids may be uneven when the sample is made up into dilu- 
tions. Apart from the appearance of the sample, this unevenness may be shown by © 
"discrepancies i in the results from different dilutions or duplicate dilutions. In these | 
= some means of disintegration and dispersion of suspended matter is needed 
in order to give a certain minimum degree of homogeneity to the sample. Since 
there is little doubt that artificial disintegration of solid matter leads to a higher 
_ oxygen demand than would otherwise be measured, and since the problem described 
4g does not normally arise, such processing of samples cannot be advocated in general. 
_ Moreov er, there is no simple procedure capable of easy standardisation. In those a 
cases in which dispersion of solids is necessary, however, an attempt should as made — 


to use a method that gives a reproducible disintegration. 


- received for the determination of B.O.D. because of the bactericidal effect of the 
chlorine or of its products, and also because the — would introduce an error 
_ into the determination of dissolved oxygen. | (ee: 
If the sample gives a positive reaction with neutral starc ~ iodide, , this normally — 
‘jnlieates the presence of chlorine or chlorinated compounds. | These substances _ 
_ may be removed by treating a portion of the sample with the calculated amount of - 


able micro-organisms, as described in a previous section. AG 
— dAfa positive result | is obtained, it is probable that this procedure will give 


that the chlorine will have ‘comibined:-withs organic compounds present, , producing 


es that, although giving no test for chlorine with starch - iodide, are in- 
hibitory to biochemical oxidation processes or are even bactericidal. It must be 
admitted that the B.O.D. as determined by this technique is generally lower than 
would be expected, having regard to the organic content as measured by other tests. 
__ There is a lack of knowledge on the effect of chlorination on many compounds, | 
_ which also adds to the difficulty of determining the actual oxygen-absorbing capacity 

_ Should it be desirable to obtain a figure. for B.O.D. of a chlorinated effluent, 
Es the uncertainty of the interpretation of the test in these circum- 


stances, the following procedure should be used. Add a crystal or two of potassium 
iodide to a convenient volume of sample, depending on the concentration of residual — 
chlorine, and titrate the liquid with a solution of sodium bisulphite, using a few drops — 
of fresh starch indicator solution. If the sample is alkaline to phenolphthalein, 
bring it to the acid side of this indicator (7.¢., to a pH value of about 7-0) by the ~ 
addition of dilute sulphuric acid, before titration of the chlorine. Approximately 
N/80 is a convenient concentration of bisulphite solution to use, or N/40 for samples" 
containing heavy doses of chlorine. To discharge the residual chlorine in 1 litre of 
sample containing for example 2 mg per litre the addition of 4-5 ml of N/ 80 sodium © 
To another portion of sample, sufficient to carry out the B.O.D. test, add the 
requisite amount of dilute sulphuric acid (when necessary), followed by the calculated e 
- volume of sodium bisulphite solution as determined by the previous titration. After 
Same mixing, set aside for several minutes, then check the absence of chlorine | 
by testing a small portion of the treated sample with neutral starch - iodide; likewise 
check the absence of excess of bisulphite in another portion by means of starch 
indicator solution and a drop of N/80 iodine solution, which should develop a blue = 
Make’ up the dilutions with inoculated water and proceed as for unchlorinated _ 


o4 Oct., 
‘ 
zP “a — _ sodium bisulphite, so that there remains in the liquid neither chlorine nor sulphite; > My 
‘ 
— 
tm 
| 
— 
“a be 
it 
i, = 
ipa 
14 a 
=, 41 
— 
— 
— 
— 
4 


Oct., 1957) RECOMMENDED ME: METHODS FOR OF TRADE ‘EFFLUENTS — 


iti 

| The of the B.O.D. of samples of anid muds a special 

4 rocedure. _ The degree of dilution will naturally depend on the nature of the sludge — 

mud and, unless there is definite guidance from— ‘previous experience, several 


as: The determination of the initial dissolved ox oxy ‘gen of the dilution, an and of the final 
dissolved oxygen after incubation, may be carried out after the liquid has been “ee 
clarified, if necessary, by the charcoal and aluminium hydroxide procedure described 
under “Nitrogen Present as Nitrite,”* (“alum flocculation”), 
7 ie It should be borne in mind that mud may have an immediate oxygen demand. © 
___ During the incubation period, the solid matter must be kept in suspension and — bh! 
- not allowed to remain at the bottom of the bottle all the time. This requires the use ~ 


_ of some device to ensure > that the bottles are kept in slow rotation and i inv ersion. c-. 


of of us ‘using. the for the 
q B O.D. of industrial wastes, particularly those containing a substantial concentration 
of organic matter, is that, because of the low solubility of oxygen in water, the waste — 

ay have to be diluted with a very high proportion of water to provide sufficient 
° xygen to give a result in the test. Also the single value for oxygen absorbed in 
5 days gives no indication of changes in rate of up-take of oxygen during the period - 
- incubation, or of the possible effects of inhibiting substances, lack of adequate 


ok 


nutrients or lack of acclimatised seeding organisms. These factors can be studied to © 
a limited extent by setting up large numbers of dilutions under different conditions, — 
_ but, when they are — to be of meapertenen, a more satisfactory method is to- 
observe directly in 
‘atmosphere of air or oxygen. fs In such an yrodiinlle.« either the undiluted trade 
waste, or any desired dilution, can be studied and the progress of absorption of 
oxygen by a single sample can be.continuously followed. __ 
Respirometers were originally devised for studying the respiration of biological 
- tissues, but are suitable for the examination of any system in which a gaseous 
r reactant is evolved or absorbed over a period of hours or days with a consequent 
_ change in pressure or volume of the gaseous phase. _ For the purpose of yng 


a respirometer the u 


biochemical reactions in which oxygen is absorbed and carbon dioxide produced, 


my the respirometer consists essentially of an absorption flask in which the sample to be 
is and in which there is a section for 


or oxygen. » “Multiple u units are roc sap used and are mounted on a frame so that the ~ 
whole can be mechanically shaken with the flasks immersed in a constant-temperature _ 
_ water bath. Several different systems are used for measuring the change in volume © 
or pressure of the gaseous phase. The pressure of the gas can be brought toa constant _ Z 
; value at each reading and the change i in volume observed, or the change in pressure — 

_ in relation to a compensating flask may be used to calculate the change in volume, as 
in the Barcroft differential respirometer; or the gas may be brought to constant £ 
= volume and the change in pressure observed, allowance being made for changes in 

- barometric pressure, as in the Warburg respirometer. For details of design, calibra-_ 

: “J tion and use of respirometers, the original literature should be 7 ~The 
Pay _ Warburg type is the simplest from the point of view of calculation of the results and — 
i ee is probably the most widely used in the British Isles. In the respirometers mentioned _ 
; it volume of sample is usually about 3 ml, but with suitable flasks, volumes up to 
_ 50 ml may be used.** For much larger samples (up to 750 ml) a differential apparatus 
_ with internal stirring instead of mechanical shaking may be used. In using a _ 
; _ Fespirometer, it is essential that the size and nature of sample taken, and the degree 
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of oxygen, as otherwise false results will be obtained. 


_ When substances inhibitory to biological action are present in an industrial waste, — ) 
itis is generally found, when the waste is diluted, that there is a critical concentration — 
below which the inhibitory action becomes negligible. _ By setting up a number of — 
different dilutions in a series of respirometers and plotting the rate of up-take of 
Bess we in each case, the minimum dilution required to achieve the maximum B.0.D. 

can be found and can be used as a guide to the minimum dilution that could be used 7 
in the standard B.O.D. test to obtain reliable results, ss 
ew _ Ina similar manner the effect of addition of compounds of nutrient elements, for — 
ail example, nitrogen, phosphorus and potassium, on the rate and degree of up- -take of 
oxygen in biological oxidation of a trade waste can be studied. 
a _ In the standard dilution test for B.O.D. it is specified that samples of trade . 
waste likely to be sterile should be seeded by adding a small proportion of sewage 

#3 & effluent containing a mixed flora of micro-organisms. In respirometer experiments 

_ seeding of sterile samples is also necessary. The inoculum may not be suitable for 
biological oxidation of the trade waste, but may be amenable to adaptation or acclima- 
tisation to produce a flora that will bring about oxidation. In this case determination 

of the B.O.D. by the standard dilution technique would give false and probably 
non-reproducible results, but a curve of oxygen absorption against time, plotted — 

d from the results of a respirometer experiment, would show a lag period during which 
little or no- oxygen was absorbed, followed by a rising curve of oxygen absorption — 
when the flora had become adapted to the new conditions. If liquid from the respiro- 
meter reaction flask were then used to inoculate a further sample of trade waste in a 

_ second experiment, the lag period might be shortened or might disappear. 60 When, 
by successive inoculations, the lag period had been eliminated, a normal oxygen — 
up-take curve would be obtained, giving a result for the B.O.D. more in accord with 
_ Conditions of oxidation that would obtain in a biological treatment plant, or in a 

Fiver into which a trade waste was being continuously discharged. vice 

a mw hen applied to domestic sewage, the biochemical oxygen demand measured 

_ by the manometric method has been stated to be higher by 15 per cent.5*.6! or more®™ 
than the value obtained by the standard dilution technique. In recent experiments 
r at the Water Pollution Research Laboratory, however, results obtained by the two 
_ methods have been found to be in good agreement. When applied to an industrial | 
a waste, the result may be higher or lower than that obtained by the dilution method. 56 

It is not certain, therefore, whether the manometric method could be put forward 

-asan alternative to the standard dilution method, but it is recommended for studying 
and rectifying conditions that may invalidate the dilution test if applied indiscrimin- 

ately to trade wastes. Although the manometric technique is no simpler than the 
_ dilution technique, under the right conditions it might possibly be used to obtain an 
indication of the biological of a trade in a shorter period of test 
In assessing the B.O.D. ‘of various types of waste waters, it is often desirable | 
te draw the oxidation curve of the sample, i.e., to plot a graph of the absorption 
of oxygen against time during the incubation period, as described under ““Manometric © 
Methods.” Such a graph will reveal whether the liquid contained immediately 
oxidisable substances, and also whether there was any departure from the logarithmic — 
curve given by a pseudo-unimolecular reaction. For example, nitrification during» 
incubation would cause such a departure. 
__ _ The subject of nitrification of samples « during incubation in the test for B.O.D. 
a in 5 days has caused some controversy in recent years. The oxidation of carbon- 
 aceous matter to carbon dioxide, and of nitrogenous matter and ammonia to nitrates, 
_ are separate processes, and it is thought by some that the oxygen requirements of 4 
3 the former only should be included in the oxygen demand, and that the inclusion of me al 


gaseous to to the liquid phase should be oiidiai greater than the rate of uti utilisation z 


‘a i From the ‘Ministry of of Housing and Local Government’s handbook, with changes = 
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@ the latter leads to > unfairly high results when the effect of the liquid on on a stream -: - 
— probable that in the determination of the B.O.D. in 5 days of crude and = 
settled sewages, and of the majority of industrial wastes, nitrification is not important, = 
_ but it may easily be a serious factor in the oxygen demands of purified . _... effluents, 
_ especially those that have received a high degree of treatment. In such cases it is 
very likely that nitrification sets in shortly after has and 
Attempts have been made to suppress nitrification during but so 
a far a completely successful method has not been developed, since carbonaceous 
~ oxidation tends to be suppressed by substances that suppress nitrification. — oe 


__ There has been much discussion as to whether the oxygen absorbed by nitro- 
5 genous compounds in an effluent should properly be included in the value for B.O.D. — 
ss in 5 days as reported. It is recommended that in the present state of knowledge © 


given ‘and, if, in special investigations, is suppressed incubation, 
9 _ this should be clearly stated when reporting the results. If proof exists that nitrifica-_ 

_ tion is responsible for a substantial up-take of oxygen during incubation, this also 
_ should be stated: it must then be shown that the content of nitrogen in the form of — 
nitrite plus nitrate in the liquid after incubation was — than in the corres- - a i = 

onding liquid before incubation. 

_ During the last 25 or 30 years, the test for BOD O.D. in 5 days as been ‘universally = 

adopted as one important measure of the quality of a liquid containing biologically _ 
_ oxidisable organic matter. The warning should be repeated, however, that 
_ particularly in regard to its application to trade effluents the test is by no means . 

_ infallible; the ‘results should always be considered in conjunction with the results 
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- of the dpc mat form and chemical composition of the carbides present 1 may be helpful in 
the interpretation of experimental results. _ Several workers have described methods for the 
extraction! #3,4,5,6 and analysis? of carbides from steel. 
_ During investigations that have extended over several years, we frequently y noticed that the 
totals of the constituents of the analyses of carbide residues extracted from creep-resistant and 
_precipitation-hardening steels failed to reach 100 per cent. by an amount that greatly exceeded 


the experimental error likely to arise in the semi-micro methods used. 


Part of the discrepancy was traced to the difficulty of removing absorbed water, since the 


_ eee have a a ony small particle size a > and are > readily decomposed by heating i in air at relatively 


before heating to 350° C in an 1 evacuated Pyrex- glass. ‘chamber, the being 
by a two-stage mercury-vapour diffusion pump protected by cold traps. 


The first possible source of error was ruled out by on of 


and the of the "original steels, which showed that unsuspected elements could not be 
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The source of error was investigated by co the | analyses carbides" 
prepared in the normal way, and weighed in air after drying in a vacuum, with results on speci- 


mens that had been dried in a vacuum and sealed in  eenpoules before being — _A typical 


‘TABLE I 

Comparison OF THE OF RESIDUES 
‘2 


Analysis weighed in air weighed in 


Chromium, % 


If the residues were diluted by a atmospheric oxidation, the analyses should differ appreciably, but 
If the deficiencies of 5 to 30 per r cent. were due to oxidation, examination of the carbides by 
X-ray diffraction would be expected to show the patterns of oxides; these, however, were never 
observed, but, when a prepared mixture of carbide and its oxidation product was examined, the 
presence of oxide was at once recognised. It therefore seemed likely that the carbide particles 
were being given a very thin surface layer of oxide during the electrolytic extraction, and this was 
supported by the observation that the deficiency was always at a maximum in the members of | 
series, given different heat- treatments, when the carbides would, from other evidence, be amo 


to have their smallest particle size. Electron micrographs of steels and of carbide particles pre- 
pared by Dr. «3 Nutting (of Cambridge University) showed these carbides to have diameters as — 
[small as 160 4, i.e., they would be about seventy atoms in diameter. An approximate calculation 
showed that a spherical particle of this size having a surface monolayer of oxide would contain © 
3 to 5 per cent. of oxygen, and for plate or dendritic particles the content could be considerably 
||‘ The substitution of 10 per cent. ethanolic hydrobromic acid for our customary electrolyte of 
10 per cent. ethanolic hydrochloric acid often produced an improved yield and the total of the 
iconstituents by analysis was nearer the theoretical, presumably owing to a reduced chance of | 
attack by nascent oxygen during electrolysis. An electrolyte containing 10 per cent. of hydriodic — 
acid also gave improved results, but contamination of the carbides by iodine was difficult to remove. _ 
s Finally, it was decided to determine oxygen on a number of carbide extracts by a modification _ : 
of the well-known vacuum fusion technique.? For this purpose, capsules having a diameter of __ 
$ inch and 3} inch long were machined from a bar of steel of known low oxygen content. _ These 


before and after the intunbattion of 20 to 70 mg of carbide into the cavity, according to the amount a 

of oxygen expected. The composite specimen was analysed by the normal vacuum fusion method, * 
allowance being made for the oxygen in the capsule and a correction being applied for a | =. 
determination on solid pieces of the same steel of approximately the same weight. 6 lee Sa * 


ke Table II shows the results recently obtained for the oxygen Col content of nine residues sclected. 
from materials examined over a period of 3 to 4 years. _ re ak, 7 


The residues had oxygen contents ranging from 2-8 to 26-8 per cent. and, the ag agree- 


variability in steel capsules and carbide residues, small sample weights and long storage of residues), 7 - 
these determinations show that failure to reach 100 per cent. in the ordinary chemical analysis 7 


from a consideration of the evidence of electron microscopy, uaiyele and influence of electrolyte. a 


An interesting minor point is the reasonable agreement ene the results of vacuum fusion and © 
of determinin nitrogen in th sid et ; 
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: RESULTS OF ANALYSES ON ‘CARBIDE RESIDUES FROM STEELS 
‘ 


av 
Residue No. RT R102A R133A R147 R206N 


ok 
or 


SAWS 
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Chromium 
Nickel 
Vanadium 
Tungsten. 
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Niobium. 
Titanium 
Boron 


Pr. 
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lytic, with ethanolic acid; C, with aqueous potassium iodide, “citric acid and 
acid; D, by Beeghly n method* (methy! acetate and bromine). uv 


Cr,N - .Mo,C i is a new phase, ‘reported ‘elsewhere. 
I express my to Mr. E. W. Colbeck, Director of Hadfields Limited, 


R., , Analyst, 1952, 77, 287. ? 


3. Popova, N. M., and Platonova, A. F., Zavod. Lab., 1950, 16, = Ae Le an 
Popova, N. M., Ibid., 1945, 11, 887. 


Blickwede, D. and Cohen, M., Trans. Amer. Inst. Min. Eng., 1949, 185, 578. his 
_ Koch, P., Arch. Eisenhiittenw., 1951, 22, 155. 


Cook, R. M., and Speight, G. Tron & Steel Inst., 195: 1954, 176, 
Beeghly, H. F., Anal. Chem. 1949,21,15183. | 
American Society for Testing "Materials, Card File of X-ray. Diffraction for Cr,N /Mo,C 

THE EFFECT OF ORGANIC MATTER ON THE PRECIPITATION OF 
BARIUM SULPHATE AND A MODIFIED METHOD FOR DETERMINING SOLUBLE 


-_Amone the published methods for the routine determination of soluble sulphate in soils, that 
| cues a Chesnin and Yien* is probably the most convenient and aN the most reproducible 
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—_  .solution, also extracts considerable amounts of colloidal organic matter, which leads to erroneous §- 
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NOTES TES 
results of tw antes kinds. sb First, eo low sulphate contents 0 to 10 p. p.n m. of sulphur i in 
solution) are involved, the organic matter acts as a protective colloid and causes low results and, 
secondly, at higher concentrations of sulphate the organic matter is co-precipitated with the 
barium sulphate, which makes it more bulky and causes the results to be too high. The latter ‘ 


error will be the greater the higher the sulphate ygeenarercanye and will be para ped important | 


SO,-S added to soil, p.p.m. 10 200 300 400 500 1000. 1500 “2000 2500 
found i in soil, p.p.m. 0 71 «104 400 633 1026 1258 1873 2785 3810 
as a Experiments have shown that this striking effect is due entirely to colloidal org: organic matter — 


and is not due to the added calcium, the colour of the extract or to co- precipitation of nitrate, 
__A series of dilutions of the soil extract (total organic-nitrogen content 10 p.p.m. of nitrogen) 
was prepared with acetate buffer solution, and a standard amount of sulphate, containing 40 p.p.m 


of sulphur, was added to each. The results for the determination of sulphate were as follows - 


Nitrogen in solution, 00510 020 0:30 


Nitrogeninsolution,p.p.m. 0:50 000 0-70 0-80 0-91 ‘90 -00 to 10-00. 


These results show that the co-precipitation effect i is noticeable at such dilutions of organic matter 
as 0-1 p.p.m. of nitrogen. The results also show that for the effect to be progressive both nitrogen 
x and sulphate must increase in concentration. - Hence, in practice, either the organic matter or the 7 


7a Although the error in determining sulphate i in the solution actually measured m may seer seem aiila, 
it assumes a greater importance when multiplied up to the soil concentration. Hence, if the 
basic principles of the Chesnin and Yien method are to be retained, which in the interests of 


simplicity and ease of analysing large numbers of soils is desirable, then organic matter must be 


ar Shaking with activated carbon, although removing colour, did not remove all the colloidal 


matter and, as pointed out by Little,? the organic matter cannot be destroyed by oxidising agents, a 
because some organic sulphur may also be oxidised. oe An investigation into the possible use of 
anion- exchange resins showed that such treatments, although effective, were far too tedious to 

be of use when many samples are to be analysed. 

A method has therefore been developed whereby colloidal organic ‘matter is co- co-precipitated 7 
with ferric hydroxide and subsequently removed by filtration before the precipitation of barium 
sulphate. The extra stage so introduced into the procedure takes very little time and not only , aie 
does it result in the elimination of interfering colloids, but it removes colour and ferric ions at the 
same time. Both these factors interfere with the method and must in any event be removed, 
and so in practice the proposed new method is probably more convenient than that in current use. -§ 
_ In Table I are shown the results, from the two methods, of determining sulphate in solutions - 
of calcium sulphate made up in acetate buffer solution and in buffer-solution extracts of a sulphate- 

free soil. a These results show mages the ferric hydroxide precipitate ee removes the inter- 


Gum acacia solution—A 0-25 per cent. aqueous solution.* Ey: 


Barium. chloride, crystalline—Ground to pass 40- mesh sieve and be retained on 60 mesh. 


Sodium hydroxide solution—A 40 per cent. aqueous solution. hats 

via 
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Prepare t the soil ext extract. as by and Yien, and a ‘15- aliquot by 
_ into a conical flask. _ Add 1 ml of ferric chloride solution and then 1 ml of sodium hydroxide 
~ solution dropwise swirling the flask during the addition. Remove the precipitated ferric hydrox- 
ide by filtration through a small Whatman No. 41 filter-paper and wash the flask and precipitate 
with h exactly 7 ml of distilled water. Finally a add 1 1 ml of of — acetic acid to the filtrate. ae 


| Sutpuate MEASUREMENTS IN STANDARD SOLUTIONS MADE IN BUFFER SOLUTION AND SOIL 

_ EXTRACTS BY THE PROPOSED METHOD AND BY THAT OF CHESNIN AND D YIEN i: om 

-S in buffer a solution treated with -S in treated with 
‘solution untreated, extract untreated ferric 
‘ 


‘Place a suitable aliquot of the filtrate (now theoretically 25 ml), depending wu upon its sulphate 


content, by pipette in a 25-ml calibrated flask and complete the determination as in the Chesnin 


1950, 15, 149. 


SURFACE AREA OF POWDERS 


P Many methods and apparatus assemblies are are | available for the « shshainainiaiis: of the ‘ctl. ; 


size distribution of powders. Those that evaluate the surface area in sq. cm per g have found | 
“ valuable use in the control of finely divided materials in the ceramics and paint industries. In 
_ the cement industry the control of milling operations in respect of fineness of grinding of the 
finished cement takes account of the residue after sieving, usually on a B.S. 170-mesh sieve, the 


flour content in weight of particles usually below 30 }, expressed asa percentage « of the total, and 
British Standard specifications! have incorporated both the sieving test residue the 
specific surface value in the specification tests for fineness, and the Lea and Nurse* apparatus _ 


“The Lea and Nurse and the Rigden* instruments were developed work carried out by 
nites Kozeny' and Carman® and may be used for powders, with the Rigden instrument, of between 500 
$ and 50,000 sq. cm per g, and, with the Lea and Nurse instrument, of between approximately 1000 
a For routine testing, when numerous results are required, there are the disadvantages that § 
as measurements of ‘time, pressure and air-flow have to be taken and that each result has to be separ-_ 
ately calculated. In the cement industry, milling control i is that it is for any ground 
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ie The apparatus measures, in effect, the permeability to air of a powder bed of fixed depth. 

‘The smaller Rigden cell has been adapted for use by fitting a gauge to give a constant bed x 

depth but any suitable cell 1 may be. ‘similarly adapted. 
_ Fig. 1 shows the complete apparatus, and Fig. 2 shows the Rigden cell and the plunger. The 

‘oidmaa unit is compact in size, being almost completely contained in a metal box measuring 

12 inches x 12 inches x 4 inches. The U-tube containing mercury has two platinum contacts | 

sealed into the glass at distances of 2 inches and 6 inches from the base, one in each arm. The 

lower contact completes the electrical circuit as the air pressure in the reservoir ! falls and the upper 


R = Air reservoir of capacity I litre 


Spring-loaded ‘pointer resetting b + with a 230-V input and a 

M = Clock, with 50-V mechanism (I revolu- = U-tube containing platinum 


A reset sw witch hes been as well as the epsing- leaded hand- pointer to. 
permit the final adjustment to zero to be made by the motor under normal working load. | The - 
motor is a ‘phase « constant- ~speed synchronous clock motor, which gives one revolution ii in 


e the range of 1500 to 4500 sq. cm per g, and the 
th calculations and to 
7 
hat 
a 
: 


thi 


= ain Prepare the permeability cell by fitting a Whatman No. 40 filter-paper over the perforated 
disc. Weigh 10 g of powder and transfer to the cell; place a cork in the top, and consolidate the 


_ powder by allowing tt the cell to fall a distance of roughly 2 inches ¢ on to a hard surface four times 


5 _ Insert the plunger fitted with the cylindrical gauge and prepare the bed as for the Siiien « ore 
Lea and Nurse cells. - Connect the cell to the apparatus. ‘Turn the ‘stopcock to allow a free flow 


from the blow bulb to the air reservoir and pump until the mercury it in the U- tube has ‘reached a 
‘point approximately inch below the lower platinum contact. 
_ With the pointer set to the start mark on the dial and the instrument - connected to the mains 
_ and switched on, turn the stopcock to allow air fo pass through the permeability cell. “ali 


2 
the value for the specific surface on the scale com to rest. 


The instrument may be calibrated directly against Rigden or ay 
assemblies when the samples for test are of uniform specific gravity. 
_ The apparatus described has been calibrated for a cement of sp. D.gr. 3: ‘he which Gre a bed 
or) For powders of a different uniform specific gravity an initial weight to give the same e porosity 
may be taken and the recorded values cor corrected for the difference in Specific gy or the 
ee _ The specific surface, as with the Rigden apparatus, is a siete of T, where T is the time 
in seconds. _ For the particular apparatus described, the specific surface = T* x 246-0. oo 
_ This simple equation applies, since the weight of powder used has been | fixed at 10g, the solid 
ee density i is constant at sp.gr. 3-26 and the powder-bed depth is fixed at - 13cm. Hence the frac- 
= tional voids are always the same and the only variableisT. 
_ The constant may be determined by calculation from the mean of not less than twelve sn 
a. the scale, and from it the direct- -reading scale — be prepared. . The The simplest way ¢ of carry: | 


PROCEDURE FC FOR PREPARING THE DIRECT~ READING SCALE wes 
Attach a blank paper circle to the clock ‘dial Mark a “start” point at approximately 

- o'clock.” Treat powders of known surface area as described under “Procedure” and plot their 
values on the scale. _ When a sufficient number have been plotted (twelve to twenty spaced fairly 

* evenly around the scale), set the pointer at approximately 1 inch before the start mark and, by § 
means of the reset switch and a stop-watch, time the movements b start and 


Ww ndewe K is aconstant, S is the surface area in sq. cm per g and T is the time in seconds. — ieeteate 
_ any erroneous results, which may be easily seen as fluctuations from the general average of value K, 


= take te mean of not less than 12 results for the ultimate value of K. ee hecn 


=. 


Prepare the scale major ‘values. Mark off intermediate (This 


of area 4260 and 4500 sq. cm per g will take than one 
revolution‘of the dial and will occupy | the space that would psi been token ei values patnees 


= A slot is cut in the front of the metal box opposite the U-tube so that the mercury level may ie 
this» 
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Oct., 1967), 

or checking of milling e: efficiency this apparatus has been found to save time 
and eliminate some operational errors, and its chief appeal is in the simplicity of operation and _ 
thank the Directors of the Lafarge 4 Cement Co. Ltd. for or permission to publish 


= 


. Kozeny, J., S.B. Akad. Wiss. Wien, ITa, 1927,136, 271. 
_ 6. Carman, P P. C., Trans. Inst. Chem. Eng., 1937, 15, ss ts Soc. ‘Chem. Ind., 1938, 57, 2 
West Tuurrock, Grays, Essex April 10th, 1957 


S. 1957. for Aqueous So Solutions: of Hydrochloric Acid. ‘Price 


RIvER PoLtutIon. By L Kiem, M. Sc., Ph.D., F.R.LC. Inst.S.P., with 
R. Ericusen Jones, Ph.D., D.Sc., and H. A. HAwkEs, M. Sc., A.M.Inst.S.P. Pp. xii 


ha 621. London: Butterw orths Scientific Publications; New York: Academic Press Inc. 


During this century, the control of river ‘pollution has become a problem of ever increasing 
importance and difficulty, a fact that has found Parliamentary recognition by the passing of the 
Public Health (Drainage of Trade Premises) Act, 1937, the River Boards Act, 1948, and the Rivers © 
(Prevention of Pollution) Act, 1951. As a consequence, this specialised subject is one of con-— 
siderable significance to analysts and all concerned will agree with the reviewer in giving a special 7 - 
welcome to this valuable book. In a Foreword Dr. B. A. Southgate (Director of the Water Pollu-— 
tion Research Laboratory) observes that Dr. Klein has not only called upon his long experience in 
inate § this field, but ‘‘has included in his book references to more than 1300 original papers which : means Fa) 
ue K, that he must have considered and rejected many times this number.” 
of After an interesting historical introduction the first two chapters give an excellent summary 
of aspects from the of 1 the Royal Cc ommission on of 1865 up to 


The next chapter of 32 pages on Fish and River Pollution has been written by a a - 
Dr. < R. E. Jones, and among much useful material contains a table giving oad lethal concentra- 


pages on the Biological Aspects of River Pollution by Mr. H. A. Hawkes, in which a influence of a 
contamination on the general fauna and of rivers is authoritatively discussed. These 
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because, in n making assessments, the on food as on the fish 
+ considered and the general character of the stream needs also to be taken into account wie Ta = 
The next 166 pages are concerned with the analysis of river water and effluents and consist cfa 
i survey of methods with references, the chapter headings being: Detection and Measurement of 


River Significance and Interpretation of Chemical Characteristics of 


The Abatement of Pollution is discussed in two chapters 121 the one 

“= Sewage Disposal and the other with Disposal and Treatment of Trade Wastes. . To many 

nature of the : problem each individual case has to be solved in its own particular way, ‘but a pre- 

_ liminary study of this part of Dr. Klein’s book and a follow-up of the appropriate references out of a 

_ total of 166 given for this section will surely direct the harassed consultant along the right path. _ 

“a After discussing Standards for Rivers, Sewage Effluents and Trade Effluents, the book con- 

ovr cludes with a short chapter on the Present and Future Status of River Pollution, =~ 

: In writing this most distinguished treatise, Dr. Klein has successfully combined a valuable | 

presentation of specialised scientific knowledge with a of social 
in an | expanding industrial c¢ community, L.. ALLPORT 

Sra ATISTICAL METHODS IN RESEARCH AND PRODUCTION W WITH shenichien’ REFERENCE TO ‘THE CHEMICAL 

INDUSTRY. Edited by OwEN Davies, M.Sc., Ph.D. Third Edition. Pp. x + 396. 

Edinburgh | h and London: Oliver and Boyd Ltd. Imperial C Chemical Industries 14d Ltd. 

_ My review of the first edition of this product of a team of I.C.I. scientists began ( (A nalyst, | 1948, 

73, 53) with the words ‘‘This excellent book ....’’ The adjective was deliberately chosen. Never- 

roe the third edition leaves me vainly outing another that will fittingly connote the improv e- 

ment achieved. This is no mere touching-up; four chapters only remain substantially unchanged, 


economic aspects of sampling and testing procedures, so that the chemist who absorbs the teachings 
of this book may demonstrate to his employers the value of his work in the way that appeals to 


= _ remainder being either re-written or altogether new. Emphasis is laid throughout on the 


them ‘most—in terms of money saved. The older - techniques of making decisions after tests 
of significance, though of course fully explained, are somewhat overshadowed by the emphasis 
laid on the use of confidence limits, which the authors consider are of more practical value; they 
_ may well be right. The chapter on sampling, which I previously mildly criticised, has been com- 
_ pletely re-cast and modernised, with much consequent improvement. A particularly praiseworthy 
section is that dealing with relationships between two variables—though it might perhaps be 
pointed out, in the interests of accuracy, that the statement on p. 191 that, when the correlation 


‘The style and clarity of the exposition is throughout admirable; a of fi fully ‘ont 
numerical examples, all based on chemical and physical testing procedures, will appeal to those 
_many readers who prefer the concrete illustration to the abstract generality. Any chemist who has 
already grasped the simple fundamental concepts of statistics and wants to learn how to apply 
7 statistics in practice cannot do better than acquire and study “this excellent book. aS After all, 


Puysicat IN CHEMICAL ANALYSIS. Il. Edited by WALTERG. BERL. Pp. xii 
_ 652. New York and London: Academic Press Inc. 1956. Price 00; 107s. 


aol ‘The first and second volumes of this work were published in 1950 and 1951, , respectively. That 

_ it has been found necessary to plan a further and entirely new volume e only | 6 years later is in itself: an 
indication of the analytical revolution through which we are passing. 

ee The chapter headings comprise: Gas Chromatography, Electrochromatography (Zone Electro- 

> phoresis), Electroanalytical Methods in Trace Analysis, High-frequency Method of Chemical 

Analysis, Field Emission Microscopy, Theory and Principles of Sampling, Flame Photometry, 

» Microwave Spectroscopy, Analytical Applications of Nuclear Magnetic Resonance, Fluorescent 

5 X-Ray Spectrometric Analysis, _Analytical Distillation, 1 Neutron Spectroscopy and Neutron 

_ Interactions in Chemical Analysis. The only British author is C. S. G. Phillips, who reminds us 

that it was as récently as 1952 that the classic paper of James and Martin on gas chromatography 

It was at ‘the Oxford Congress that ‘Dr. “Martin demonstrated the 
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REVIEWS 
. This and some niet the other techniques hardly heard of in . 1952, : 

resonance, are now in use and suitable apparatus is available commercially. oer 

_ - The sections on gas chromatography and on flame photometry will perhaps have the widest ee 
and the most immediate appeal; both make their contribution to the accepted tasks of the — 
of separation, identification and measurement. _ The scope of each goes far beyond mere stimula- 
tion of interest, which is often enough all that books of this type can hope to y achieve. _ —_ 


are authoritative and critical, and their value is enhanced by a generous bibliography and by the — 

& _ The treatment of the other subjects is equally good; . there is an excellent review of the tech- 1 
‘nique and applications of X-ray fluorescence analysis, and it should be noted that the last section a 
on neutron spectroscopy and neutron interaction in chemical analysis runs to 170 pages, the longest 7 
_ _ The message is clear and is summed up in the Editor’s preface, “The scope of the analyst’ a ; 
function is changing rapidly and fundamentally. Apart from identifications and quantitative | 
estimations the problems of shape and structure on the molecular and on grosser levels have been — 

added to his province.” _ In this volume the high standard of the series is more than maintained. o 


= This volume opens with ¢ an article by E. M. Bickoff on tn peunilaniaien of carotene. 7 i 
general account of technique covers extraction and separation of pigments, measurement of 
“purified carotene fractions and estimation of stereoisomerides. More detailed procedures are : 
given for determining carotene in fresh or dried plant materials, in vegetable oils, milk and in whole ‘; 
_ dried eggs. The determination of f-carotene stereoisomerides in alfalfa _bya a _ combination of a 
chromatographic and spectrophotometric methods is described fully. 
_ The determination of vitamin A is discussed by N. D. Embree, S. R. Ames, R. W. Lehman sg 
L. Harris of Distillation Products Industries. This article reviews the chemistry of vitamin A 
_ and related substances and goes on to consider bio-assays under the headings: growth, liver storage, 
vaginal smear and other biological responses. Physicochemical procedures are then described 
_and detailed procedures for various materials aregiven. 
> ie measurement of poly-unsaturated fatty acids is dealt with by R. T. Holman of Minnesota. 
= article is mainly about spectrophotometric methods involving alkaline isomerisation. Most a 
of the naturally occurring polyethenoid acids are unconjugated and do not exhibit siecle 
"absorption o of ultra-violet light. Heating w vith potash in glycol effects partial isomerisation -_ 
"conjugated “diene, triene and polyene acids; the process can be ‘reproducible under controlled 
experimental conditions. As Holman says “alkaline isomerisation is the best method we now 
for this kind of analysis and it can be used to gain very useful information. 
Hee _ Just before the book went to Press it was reported that 5 per cent. potassium tert. er ae 
causes isomerisation to occur in a few hours at the boiling-point of x-butanol (90° C) and that there | 
_ are fewer side-reactions than with potash in glycol at 170° to 180°C. The empirical approach has an 
_ however been taken so far that only a truly stoicheiometric reaction is ety ' to replace the recom- 
Holman also describes briefly the application of paper chromatography to the of 
j ee R. H. Silber and C. C. Porter of the Merck 7 Therapeutic Institute at Rahway discuss the deter- 
of 17:21-dihydroxy-20-oxo steroids in urine and plasma. The phenylhydrazine - sul- 
phuric acid reaction on which the authors reported in 1954 is effective for various corticosteroids.  —__ 
_ Details are given for analytical procedures applicable to plasma, sweat and urine. 
ee _ Under the title ‘‘The pH-STAT and its Use in Biochemistry,” C. F. Jacobsen, J. Leonis, K. 
2 Linderstrom- -Lang and M. Otteson, of Copenhagen, review recent developments i in the atin a 
‘ tion of the control and measurement of biochemical reactions at constant pH. A suitable instru- : 
ment is called a pH-STAT and is described expounds the 


The assay of is reviewed K. Ss. and B. Spencer of the of 
The authors were trained at and gain ined t research 
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phosphatases i in serum. The procedure is based on the hydrolysis of phenyl phosphate measured in 
_ the presence and in the absence of L-tartrate. The difference found in the amount of phenol 
liberated is believed to represent the inhibition of acid phosphatase of prostatic origin and so to 
reflect the concentration of the latter enzyme in serum. The phenol is measured by the Folin - - 
-Ciocalteu reagent. The problem is important in the diagnosis of prostatic disease. = =~ 
EL F.. Gale of ‘Cambridge contributes an article on the determination of amino acids by the 
_ use of bacterial amino-acid decarboxylases. Specific enzymes act on an amino-acid substrate 
- to yield an amine and to liberate carbon dioxide; under suitable conditions the procedure can be 
quantitative and ‘Warburg manometers or Conway units can be used. The enzymes, which attack 
‘only the L-isomers, are prepared from suitable micro-organisms (coliforms, clostridia and faecal 
streptococci) and are reasonably | stable as acetone powders or in some cases as cell suspensions. 
The estimation of histidine is described in detail as an example of the method and notes are given 
_ about special points in the estimation of other amino acids by decarboxylase preparations. 
J. P. Singer and E. B. Kearney discuss the determination of succinic dehydrogenase activity. 
The primary dehydrogenase may be determined by using phenazine methosulphate as acceptor. 
Use of the Warburg apparatus leads to excellent results and use can also be made of the great 
_ difference in ultra-violet absorption at 387 my (pH 7-6) between the oxidised and reduced forms 
_ of the dye. The ferricyanide method of providing an acceptor is also described fully. yacurt 
‘The assay of of the succinic dehydrogenase complex is best made by a variant of the methylene — 
This volume, like its’ predecessors in the series, serves a dual purpose; the different articles : 
help the non-specialist to see each problem in perspective and they also provide the rewerrupendl 
clearly described instructions based on actual experience at the bench. 
_ The Editor allows the authors freedom to write in their own way (subject to uniformity in ies 
_ technical aspects of presentation), and there is consequently rather more variety of approach 
might have been expected. So A. Morton» 


én ona 2 subject they have made their own. pi 
W. H. Fishman and H. M. Davidson of Tufts deal the of 


ALCHEMY TO (Cummerny. ‘A Processton | oF IDEAS. any PERSONALITIE y Joun 
“a Reap, F.R.S. Pp. xviii + 206. London: G. Bell & Sons Ltd. 1957. a TBs. 6d. 
LABORATORY MANUAL OF SEMI-MICRO INORGANIC QUALITATIVE ANALYSIS. _ By E. T. THoMPson, 
A.K.C. Pp. 48. London: Edward Arnold (Publishers) Ltd. "1957. Price 4s. 
METHODEN ZUR BESTIMMUNG PFLANZLICHER WUCHSSTOFFE. ‘By Hans Linser and Oswatp 

KIERMAYER. Pp. viii + 181. Vienna: Springer-Verlag. 1957. Price 56s. 
4 (CALENDAR OF ‘THE PHARMACEUTICAL SociETY OF GREAT BRITAIN, 1957-1958. Pp. vi + 308. 


Britisu NATIONAL FORMULARY 1957: ALTERNATIVE EDITION. Pp. 245. London: The British 


PLEXOMETRIC TITRATIONS. By ‘GEROLD SCHWARZENBACH. and revised 
collaboration with the author by Harry Irvinc, M.A., D.Phil. 
Pp. xviii + 132. London: Methuen & Co. Ltd. 1957. Price 
ANNUAL REPorT, 1956-7. Pp. 272. London: British Standards Institution. 1957. Price 
INDEX OF THE JouRNAL oF THE INSTITUTE OF BREWING, 1946 To 1955. Compiled 
by W. H. Brrp. Pp. iv + 218. London: The Institute of Brewing. 1957. Price 105s. 
-*ANALAR’ STANDARDS FOR LABORATORY CHEMICALS. | By Tae British Houses 
and Hopxins & Ltp. Fifth Edition. Pp. xvi + 397. Poole, Dorset: British 
Houses Ltd. ; Chadwell Heath, Essex: & & Williams Ltd. 1957. Price 21s. 
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| THE Society publishes pa papers on all and organ 
including chemical, physical, biological, bacteriological and micro methods. Papers on these a 
allied subjects, by —— of the Society or by non-members, may be submitted for publication; — 


eal (1) proposals for new methods and the investigations on which the proposals are based; 


oa @) the results of original investigations into known methods or improvements therein; 
(3) analytical results obtained by known methods where these results, by virtue of special 
circumstances, such as their range or the novelty of the materials examined, , constitute 


analytical information; 


(4) the application of new apparatus and new devices in analytical technique 


(5) minor investigations or kindred ‘matter and descriptions o of n new and its 


Editor of The Analyst, 14 Belgrave Square, S.W.1. 
g Re, _ Papers will normally be submitted to at least one referee, by whose advice the Publication 


Committee will be guided as to the acceptance or rejection of any communication. vere wee 


 Synopsis—All papers must be accompanied by a short synopsis of 100 to 250 
indicating the scope and results of the investigation, and an appraisal of the accuracy of any new 
proposed. Contributions to the “Notes” or “Apparatus” sections do not require synopses. 
_ Proofs—The address to which proofs are to be sent should bei ie the paper. Proofs 
should be carefully checked and returned within 48 hours. 
f fifty if there i e tha: are 
_ -Reprints—Twenty-five reprints, or a maximum o y e is more than one author, are 
supplied gratis. Additional reprints may be obtained at cost if ordered directly from the printers, 
W. Heffer & Sons Ltd., Hills Road, Cambridge, at the time of —— _ Details are sent - 


coon cael brief: a page contains, on average, 800 words an and costs dines to publish, ae 


Manuscript—Papers and Notes should typewr ritten in double spi spacing on non- 
paper and on one side only. The top copy and c one carbon copy should be sent to the Editor, and 
a further copy retained by the author. Manuscripts should be in accordance with the style and 
=e shown in recent copies of The Analyst. _ Authors are recommended to study Appendix a 
of ‘‘The Presentation of Papers for The Journal of the Chemical Society’”’ (The Chemical Society, 
‘Burlington House, London, W.1, price 1s. 6d., post free). Sections 1 (Style) and 3 (Some Common 
_ Grammatical Errors) apply equally to papers prepared for The Analyst. Section 2 (Conventions) 
_ does not entirely apply to The Analyst, which does not use the comma before ‘“‘and” and ‘‘or” in 
plain enumeration, and in which the termination ‘‘-ise’”’ is alw jays preferred to ‘ — when both 
_ forms are permitted by the Shorter Oxford English’ Dictionary. 
ms" ‘Conciseness of expression should be aimed at; ‘clearness is increased by adopting a logical 
order of presentation, with suitable paragraph or section headings. 
Descriptions of new methods" should be supported by experimental Tesults showing 
(0) Statement of t of and, historical introduction and account 
— preliminary experimental work; these must be no longer than i is strictly necessary for the 
understanding of the new material. 
Description of method. Working details of proposed are most concise and clear 
when given in the imperative mood, and should normally be given in this form, 0.8. 
“Dissolve 1 gof sample i in 1 10 0 ml of w water and add . d. Well ‘known procedures must = a 
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ale ) Conclusions and, i if required, a short summary of the principal results. 7 
int Tables, diagrams, etc. —The number of tables should be kept to a minimum. Column headings 
should be brief. Tables consisting of only two columns may often be arranged horizontally. 
No lines should be ruled in tables in the manuscript. Tables must be supplied with titles and 
be so set out as to be understandable without reference to the text. 
Tables or graphs may be used, but not both for the same set of ‘results, unless important 
In general, graphs should have a reasonable number of co-ordinate lines, and not ouly the 
4 ee main axes. Graphs consisting of straight lines passing through the origin, such as calibration 
curv ves, Should not be submitted: instead, an equation should be giveninthetext. = | 
“am Diagrams and graphs should be drawn in Indian ink on Bristol board, stout paper or tracing | 
cloth, not larger than foolscap size and with at least 1-inch margins all round. . The use of i squared 
paper should be avoided if possible; red, orange or brown ruled paper must not be used, as these | 
colours reproduce in block-making. tr If it is necessary to 1 use ruled paper, blue or green rulings may ; 
be used. All lettering should be inserted lightly in black lead pencil at the appropriate place on 
the diagram, and will be replaced by type in block-making. All lines in Indian ink should be 
4 femly drawn and sufficiently thick tostand reduction, ess 
Drawings should be specially prepared for submission to The Analyst, as they cannot normally 
be returned, and may be modified or cut in the course of block- -making. The duplicate maneseript 
_ may be accompanied by photographic or dyeline copies of the figures, or by ‘pencil ‘sketches, for 
transmission to the referee; there is no need to prepare Indian-ink duplicates. 4 
Photographs —Photographs for hould be submitted as glossy prints 
Abbreviations—Normality and molarity are generally expressed as decimal fractions (e. gs 
§ ‘02 N, 0:°375 M). Abbreviational full stops are omitted after the common contractions of metric 


units (e.g., ml, g, wg, mm) and after ° C, ° F, yw, a and other units represented by symbols; litre and 

_ Abbreviations other than those of recognised units should be avoided in the text; symbols 

and formulae are not used instead of the names of elements and compounds in the text, but may 

; be used in addition to names when they are necessary to avoid ambiguity, ¢ e.g., to specify crystalline 
composition, as in CuSO,.5H,0O, to show structure, or in equations. 
_ Percentage concentrations of solutions should be stated as “‘per cent. w/w” (alternatively 

“g per 100 g’’), as “per cent. (alternatively ‘‘g per 100 ml”) or as “‘per cent. v/v.” Concen- | 

trations of solutions of the common acids, however, are often conveniently given as dilutions of 

the concentrated acids; they should then be given in the form “‘diluted hydrochloric acid (1 + 4),” 

: which signifies 1 volume of the concentrated acid mixed with 4 volumes of water. This aie | 

= > ambiguity of 1:4, which might be equivalent to either 1+4or1+3. 
ann References—References should be numbered serially in the text by means of superscript 
figures, e.g., Dunn and Bloxam! or Mitchell,? and collected in numerical order under “REFERENCES” 


at the end of the pape. _ They s should be listed, with the authors’ initials, in the he following form— 


1. Dunn, J. T., and Bloxam, H.C. L., J. Soc. Chem. Ind., 1938,52,1897. 
2. Mitchell, C. A., Editor, ‘‘Allen’s Commercial Organic Analysis,” Fifth Edition, J. & A. 


given, followe ed by the volume or page number, or both if required. te ibe 
__- The entry of * ‘personal communications” in the reference list is not justified; full acknowledg- 
‘ment to such unpublished sources should be made in the text or in the acknow ledgments at the end 
_ Authors must, in their ow n interests, check | their lists of references against the original papers; 
3 hand en are a frequent source of error. The number of references must be kept toa 


“Neglect ct of any any of the pa points mentioned above is likely to cause delay i in publication. 6). 
Further useful advice to authors is contained in the Royal Society’s publication entitled 
“General Notes on the Preparation of Scientific Papers,” published for the Royal Society the 
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